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Abstract
Freshwater wetlands of tropical Australia are highly productive ecosystems. Along the floodplain 
margins of the Northern Territory’s South Alligator River, large open sites testify that in the past they were 
of significant economic importance to the prehistoric Aboriginal occupants. The sites are deflated and the 
only archaeological remains consist of stone artefacts. However, geomorphological investigations link the 
sites with the establishment of freshwater wetlands on the floodplains no more than 1500 years ago.
Because the sites are flooded in the wet season, dry season occupation is implied. As wedand resources 
are available seasonally, sites may have been occupied at different times during the dry season according to 
the availability of resources. Historic evidence from comparable areas elsewhere in tropical Australia 
indicates that hunters in these areas maintained year-round residency on the floodplain margins, camping 
on higher ground and exploiting alternative resource bases during the wet season. The presence of mound 
sites in open woodland abutting the floodplains suggests that such settlement patterns also existed in the 
Kakadu region prehistorically.
This thesis examines site use and settlement patterns on the South Alligator wedand margins through an 
analysis of the stone artefact assemblages. Stone raw materials and tool types were examined in terms of 
distributions both within and between sites. Differences in distribution of tool types between sites was 
linked to differences in site use and season of occupation.
The assemblages of the South Alligator wetland sites were subsequendy compared with those of nearby 
rockshelters located in the oudiers and plateau valleys of the Arnhem Land escarpment. Differences 
between them were interpreted as reflecting different environmental locations and economic bases. These 
differences echoed the dichotomy found by other researchers between plateau valley and plain sites in 
northern Kakadu. Previously, it had been concluded that the emergence of estuarine conditions on the 
floodplains c.6000 years BP was the major environmental event to affect the economic strategies of the 
Kakadu inhabitants from mid Holocene times onwards. However, the development of large freshwater 
wedand systems in the Kakadu region c.1000 years BP implies a major restructuring of subsistence 
strategies and settlement patterns throughout the region at this time. A reassessment of the archaeological 
evidence from the rocksheiter sites escarpment revealed that such was the case.
Today, there are a number of Aboriginal people in Kakadu who recall living at the wetland sites while
they were employed in the buffalo shooting industry during the 1930s and 40s. They were able to provide 
details about site use and seasonality, as well as information about seasonal movement throughout the 
region. In addition to the oral data, there is a large body of literature which includes details of wetland 
subsistence strategies both for Kakadu and other comparable areas of tropical Australia. Using these 
sources, historical models of site use and settlement on the wetland margins and regionally were 
constructed. The models were compared with those derived from the archaeological evidence, to determine 
whether pre-contact modes of behaviour have survived into the post-contact period, whether they have 
changed and why. It was demonstrated that considerable continuity exists. Differences relate mainly to 
methods of exploitation and change in resource availability due to environmental degradation of the 
wetlands as a result of buffalo damage.
vi
Warning
In some parts of Aboriginal Australia, it may cause distress to see photographs of deceased people. This 
thesis contains photographs of people of the Kakadu region, some of whom have recently passed away. 
Care should be taken when showing or taking the thesis into Kakadu.
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1Chapter 1
Hunter-Gatherer Use of Wetlands
1.1. The Study Area
Kakadu National Park is located approximately 200km east of Darwin in the Top End of the Northern 
Territory (ANPWS 1980:25). In the north, it is bounded by the Van Dieman Gulf and in the east by the 
Arnhem Land plateau. The area contains a number of landforms including floodplains, lowland plains, 
sandstone escarpment and dissected Arnhem Land plateau; and five major rivers - the East Alligator, South 
Alligator, West Alligator, Wildman, and upper Katherine Rivers (ANPWS 1980:25,1986:6; Figure 1:1).
The floodplain landform contains the freshwater wetlands, which are the focus of this thesis. Paijmans et 
al. (1985:1,21-25) defined wetlands as being Tands permanently or temporarily under water or 
waterlogged’. This definition includes lakes, swamps, land subject to inundation, rivers and creeks, tidal 
flats and coastal inshore water bodies (Table 1:1).
There are several kinds of wetland systems in the Northern Territory. Episodic saline lakes and 
intermittent swamps occur in the arid centre. Seasonally flooded freshwater floodplains, permanent 
freshwater lagoons and billabongs, and mangrove swamps occur on the coastal plains in the north. The 
floodplains of Top End rivers vary in size, the largest being those of the Adelaide, Mary, Finniss, Reynolds, 
Daly and Alligator Rivers. Arafura Swamp, an extensive swamp land system is located on the floodplains 
of the Glyde and Goyder Rivers in north-central Arnhem Land (Finlayson et al. 1988:103,109) (Figure 
1:2).
The Alligator River floodplains contain one of the major freshwater wetland systems in Australia. They 
include the wetlands associated with the South Alligator, nearby East Alligator River and one of its 
tributaries, Magela Creek. These last two waterways drain the Arnhem Land escarpment, crossing a 
low-lying plain to empty into the Van Dieman Gulf. Altogether, these wetlands cover an area of about 
600km2 (Hope et al. 1985:237). They lie about 12° south of the Equator in a sub-humid savanna 
environment (Harris 1985b:8) (Figure 1:2).
2Category Class
Lakes Permanent and near-permanent lakes 
Seasonal lakes 
Intermittent lakes 
Episodic lakes
Swamps Permanent swamps 
Season swamps 
Intermittent swamps 
Episodic swamps
Land subject to 
inundation
Seasonally inundated 
Intermittently inundated
River and creek 
channels
Permanent and near-permanent channels 
Seasonal channels 
Intermittent channels 
Episodic channels
Tidal flats Daily tidal flooding
Spring tidal and less frequent flooding 
Spring tidal and less frequent flooding
combined with seasonal freshwater flooding
Coastal water bodies Permanently open to the sea 
Intermittently open to the sea 
Rarely open to the sea
Table 1:1 Classification of Wetlands (after Paijmans et al 1985:21-23)
3Figure 1:1 Location of Kakadu National Park
41.2. Setting the Scene
Freshwater wetlands have always provided a diverse and abundant source of food, water and raw 
materials for hunter-gatherer peoples throughout the world. This was also the case in Australia, as 
exemplified by the archaeological and historic evidence from areas in temperate Australia, such as the 
Coorong region of South Australia (Luebbers 1978) and southwestern Victoria (Coutts et al. 1978; 
Lourandos 1976, 1980; Williams 1985, 1988); as well as in tropical Australia, for example the Arafura 
Swamp in north-central Arnhem Land (Peterson 1973; Thomson 1948-49, 1983) and Cape Keerweer in 
western Cape York (Chase and Sutton 1981; McConnel 1930-31; Sutton 1978). The presence of such 
wetland systems has influenced the seasonal movement and residence patterns of the people in whose 
territory they are located and, to a certain extent, those occupying neighbouring territory.
Many people in the past have been impressed by the size and resource richness of the Alligator Rivers 
freshwater wetlands:
...this swamp extended beyond the reach of sight, and seemed to form the whole country, of the remarkable 
and picturesque nature o f which it will be difficult to convey a correct idea to the reader...reaches of shallow 
water, surrounded by a rich sward of grasses of the most delicate verdure...remained. Thousands of ducks and 
geese occupied these pools, and the latter fed as they waded through the grass (Leichhardt 1847:493).
Like coming from the darkness into bright sunshine, we suddenly burst upon a scene I am never likely to 
forget. The horses were brought to an abrupt halt and we feasted our eyes upon a marvellous sight before us. 
Away to the north, as far as vision would carry, stretched plains o f grass, emerald green, and as high as a 
horse’s head...The plains must have been studded with waterholes, for as we moved on there arose from the 
midst of the green splendour, tens of thousands of birds - ducks, geese, white cranes, plovers, pelicans, and 
goodness knows what else: in one great black mass they soared skywards, almost obliterating the sun 
(Warburton 1944:74-75).
Wetland areas of the Kakadu region remain spectacular today (Figure 1:3). The large open 
archaeological sites which dot their borders are equally impressive. They consist of dense scatters of stone 
artefacts, which stretch up to two kilometres along the wetland edges (Brockwell 1983:1). Besides a few 
shell middens, these stone artefacts are all that remain of prehistoric Aboriginal occupation in the area.
Local Aboriginal people continue to utilize the wetland resources of Kakadu at present and have been 
recorded doing so by Europeans since the 1840s (Leichhardt 1847:504,518; Mclaughlin 1982; Smyth and 
von Sturmer 1981). However, today they have ample access to European foods (Beck 1986) and their 
foraging lacks the motivation it may have had in the past. Since contact, damage caused by introduced 
feral buffaloes and pigs may have reduced the productivity of the wetlands (Gillespie 1979), and Meehan 
(1988a:20) has suggested that more reliance might be placed upon wetland products if this were not the 
case. Nevertheless, Aboriginal people retain considerable knowledge of site usage and pre-contact 
exploitation methods, and enjoy trips to their own country to hunt for ’bush tucker’ (Beck 1986; Chaloupka 
and Guiliani 1984; Levitus 1982; Meehan et al. 1985; Neidji 1985; Russell-Smith 1985b).
My interest in the wetlands of the South Alligator River began when I participated in the 1981 Australian 
National University (ANU) Kakadu Archaeological Consultancy. A survey of sites on the wetlands
5revealed that they were of major archaeological importance in the region, and as such merited further 
investigation (Jones 1985a:294-95). Geomorphological work carried out at the same time linked these sites 
to the development of freshwater conditions there c.1400 years BP (Hope et al. 1985; Russell-Smith 
1985a). It was realized that the establishment of these freshwater wetlands probably had a major impact on 
the economy of the region, implying changes in subsistence strategies and settlement patterns of the 
Aboriginal inhabitants in the late Holocene (Jones 1985a:294).
1.3. Aims of Thesis
The aims of this thesis are to determine:
1. The nature of prehistoric site use and settlement patterns on the wetland margins of the South 
Alligator River,
2. the role these sites played in the prehistoric regional economy; and
3. the way in which Aboriginal use of these wetland areas has changed since the first known 
European contact in 1845, and how these changes relate to prehistoric patterns of 
exploitation.
My MA Qualifying thesis (Brockwell 1983) and the ANU Consultancy report (Jones 1985a:294; Meehan 
et al. 1985) have already suggested partial solutions to these problems, as well as indicating new avenues of 
inquiry.
1.4. Previous Archaeological Research
1.4.1. Elsewhere in the Top End of the Northern Territory
Archaeological work undertaken elsewhere in the Top End of the Northern Territory has been previously 
reviewed by Jones and Negerevich (1980:20-41, 1985:1-14). Briefly, it includes excavations in eastern 
Arnhem Land at Milingimbi (McCarthy and Setzler 1960; Warner 1937), Port Bradshaw (Schrire 1972; 
White 1971), Groote Eylandt and Yirrkala (McCarthy and Setzler 1960); north-central Arnhem land on the 
Blyth River (Meehan 1982); central Arnhem Land at the Goomadeer River (Jelinek 1979a, 1979b; Valoch 
1979); near Katherine at Ingaladdi (Mulvaney 1975; Mulvaney and Joyce 1965; Sanders 1975), Sleisbeck 
(Mulvaney 1975) and Tandandjal rocksheiter (Macintosh 1951); 200km southwest of Katherine at 
Delamere and Willeroo (Davidson 1935a); on the lower reaches of the Adelaide River at Humpty Doo 
(White 1968) and Mooluk (Scotch Creek) (Smith 1981); the coastal plains at Point Stuart (Baker 1981); 
and the Ord River valley in the East Kimberleys (Dortch 1977) (Table 1:2; Figure 1:4).
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81.4.2. Kakadu Region
The archaeological work undertaken in the Kakadu area, up until the ANU Consultancy in 1981, has been 
also reviewed by Jones and Negerevich (1980, 1985). A brief summary is presented below in order to 
emphasize the results which are relevant to this thesis.
Prior to the 1981 Consultancy the wetland sites of the Kakadu area had not been investigated intensively 
by archaeologists. Researchers had concentrated their efforts on excavation of rockshelters (Table 1:3; 
Figure 1:5).
In 1948, McCarthy and Setzler (1960) excavated 12 rockshelters on the two hills, Inyaluk and Argaluk, 
near Oenpelli. Because these workers removed all the deposit as a single unit and did not complete the 
analysis of the stone artefacts, it is difficult to use their data for comparative purposes (Jones and 
Negerevich 1985:1).
The work of Schrire (White 1967a 1967b, 1967c; White and Peterson 1969; Schrire 1972, 1982, 1984) 
revealed differences between rocksheiter assemblages from the plateau valleys (Jimeri I and Jimeri II) and 
those of the plains outliers (Pribari, Malangangerr, and Nawamoyn) from about 6000 BP. The contents of 
the plateau valley sites suggested a land-based economy with in situ manufacture of stone tools, while the 
evidence from the plains outliers suggested a greater reliance on estuarine water-based resources, 
employing stone and bone tools. After some hesitation, Schrire (1982:281) concluded that these sites 
represented seasonal use of plateau and plain by the same group of people, plateau valleys being occupied 
in the wet season, plains in the dry. The evidence from the upper levels of one plains site, Paribari, 
indicated a major shift in resource exploitation from estuarine to freshwater shellfish. Today, these outlier 
sites are located close to the major freshwater wetlands of the East Alligator River and the Magela Creek.
In 1972, Kamminga and Allen (1973) carried out an archaeological survey of the Kakadu area. They 
recorded numerous sites and undertook several test excavations at plains shelters in the north (Daberr, 
Malakunanja II and Ngarradj Warde Jobkeng)and in outliers and plateau valleys of the south (Nangalawtirr, 
Nawulandja, Balawuru, Nauwalabila I and the ’Disturbed Site’). On the whole, their findings confirmed 
those of Schrire. In 1977, Allen carried out a major excavation at Ngarradj Warde Jobkeng. This site 
contained evidence for both economic patterns described by Schrire, as the people at Ngarradj Warde 
Jobkeng exploited the estuarine swamps, as well making stone tools in situ (Allen in press; Barton 1979; 
Schrire 1982:227-28).
During the 1972 survey, Kamminga and Allen (1973:10-17; Allen 1978:1-2) also recorded some large 
open sites bordering the freshwater swamps of the South and East Alligator Rivers. At the time, they made
several important observations about these sites:
1. The sites were all located adjacent to lagoons and could only have been occupied during the 
dry season.
92. No direct evidence of diet remained, only stone artefacts.
3. The stone tool types belonged to the later industrial phase of the region, and the sites were 
therefore probably no older than 7000 years BP.
4. The raw materials for the artefacts consisted mainly of quartz, chert, quartzite and dolerite 
and were thus derived from a number of sources.
5. It seemed that at least some of the tools had been manufactured in situ.
6. The sites had been exposed and damaged by feral buffaloes, and souvenir hunters had 
regularly removed the most stylized stone tools.
Further investigation was recommended (Kamminga 1980:3-4; Kamminga and Allen 110).
1.5. Kakadu Archaeological Consultancy 1981
In 1979, Stage 1 of Kakadu was declared a National Park. In 1980, the Prehistory Department of the 
Research School of Pacific Studies at the Australian National University was engaged as a consultant to the 
Australian National Parks and Wildlife Service (ANPWS) to investigate archaeological sites within the 
Park and advise on their management. In 1981, the ANU Archaeological Consultancy, led by Rhys Jones, 
commenced fieldwork. Its brief was to survey and excavate rockshelters in the area of the Nourlangie 
Rock and Mt Brockman Massif, located on the plains between the escarpment and the South Alligator 
River (Anbangbang I and Anbangbang II, Spirit Cave, Blue Paintings site and Yiboiog) and in Deaf Adder 
Gorge, a plateau valley in the southern part of the Park (Nauwalabila I, Nauwalabila II and Djuwarr I), 
(Jones 1985c: 17-19) (Table 1:3; Figure 1:5). The Consultancy team was multi-disciplinary and included, 
besides the archaeologists, two geomorphologists (Geoff Hope and Philip Hughes) to investigate landscape 
changes over the past 120,000 years (Hope et al. 1985); a botanist (Jeremy Russell-Smith) to address 
palaeo-environmental questions relevant to the archaeology and to carry out ethno-botanical studies 
(Russell-Smith 1984, 1985a, 1985b; Russell-Smith and Dunlop 1983); and a prehistorian with 
anthropological training (Betty Meehan) who conducted ethnographic inquiries related to the 
archaeological research (Meehan et al. 1985). These investigations aimed to document the responses of the 
prehistoric inhabitants to a changing environment over the past 7000 years (Jones 1985b: 17).
Because of environmental damage caused by buffaloes, ANPWS officials wanted an assessment made of 
the wetland sites. The Consultancy team was asked to report on the nature of these sites and the extent of 
the damage and, on this basis, make recommendations for site management (Meehan et al. 1985:103). 
Experience in other areas, such as the coastal plains of the Blyth River in Arnhem Land (Jones 1980; 
Meehan 1975, 1982, 1988a, in press), and Princess Charlotte Bay, Cape York (Beaton 1979, 1985), led to 
the expectation that a variety of sites would be found in this environment, including shell middens, earth 
mounds and scatters of stone tools.
A team under the direction of Betty Meehan and Jim Allen, and guided by Dave Lindner (a long-time 
Park resident with detailed knowledge of the wetland areas) examined a 15km strip on the eastern edge of
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1926-1929 L. Warner excavated shell mounds at Mllinglmbl (Warner 1958). In 1965 D.J. 
Mulvaney took samples for radiocarbon dating.
1928 N.B. Tindale reported and described rocksheiter sites with art in the 
Oenpelli area (Tindale 1928).
1930 D.S. Davidson excavated rockshelters at Delamere and Willeroo (Davidson 
1935:145).
1948 F.D. McCarthy and F.M. Setzler carried out archaeological work at Groote 
Eylandt, Yirrkala, Milingimbl Island and Oenpelli in connection with the 
American-Australian Scientific Expedition to Arnhem Land (McCarthy and 
Setzler 1960). Sites were excavated on two hills near Oenpelli, 10 
rocksheiter sites on Inyaluk (Unbalanja) Hill and two on Arguluk Hill.
1948 N.W.G. Macintosh excavated the Tandandjal rocksheiter (Macintosh 1951).
1957-1958 W.E.H. Stanner excavated the Yarar shelter. Flood carried out analysis on 
the stone assemblage excavated (Flood 1967, 1970).
1963-1966 D.J. Mulvaney and J. Golson surveyed in Katherine/Pine Creek area. 
Mulvaney excavated sites at Kintore (no charcoal present in this site) and 
Ingaladdi (Mulvaney and Joyce 1965:207; Mulvaney 1975:174-77, 184-90, 234- 
5, 279; Sanders 1975). Golson excavated sites at Katherine and Sleisbeck 
(Mulvaney 1975:193, 234). In 1980, I. Stuart spent several months working 
on the stone assemblage from Sleisbeck.
1964-1966 C. White (see Schrire) (1967a, 1967b, 1967c, 1971) Investigated areas round 
Cannon Hill and slightly south and to the southeast of Oenpelli. She 
excavated extensively at five sites, and tested deposits of various extents 
at seven other sites. The differences observed in the materials excavated 
were reinterpreted in a series of later publications (White and Peterson 
1969; White 1971; Schrire 1982).
1968 C. White (Schrire) dug a mound site on the coastal plains near Humpty Doo 
(White 1968).
1969 C. Schrire dug two sites in the Port Bradshaw area, on the northeast Arnhem 
Land coast, one a Macassan site, the other Borngolo shelter (White 1971; 
Schrire 1972).
1969 The Czechoslovakian Scientific Expedition to Australia: (initiated and 
organised by E.J. Brandi of the Welfare Branch, Darwin). Excavations were 
carried out at a site on the Goomadeer River (NT Museum Site No. 20473) 
(Jelinek, 1979a, 1979b; Valoch 1979).
1971-72 C.E. Dortch excavated a number of floodplain rocksheiter sites, and numbers 
of open sites and upland shelter sites were surface sampled in the Ord 
River Valley, East Kimberley (C.D. Dortch 1977:104).
1972 R. Jones, B. Meehan and D. Lindner carried out a brief archaeological 
reconnaissance in Deaf Adder Gorge and the southern part of the Nourlangie 
Massif in Kakadu.
1972-1973 H. Allen and J. Kamminga carried out a survey of archaeological sites in 
the Alligator Rivers region, and excavated at eight sites, as part of the
Alligator Rivera Region Environmental Fact-Finding Survey (Kamminga and 
Allen 1973).
1974 G. Chaloupka started his major archaeological sites surveys on Mt Brockman 
and the areas of the Arnhem Land escarpment.
1977 H. Allen excavated at NgarradJ Warde Jobkeng (Allen 1977, 1978; Barton
1979).
1978-1979 B. Meehan and R. Jones excavated shell and earth mounds in the Blyth River 
region, following ethno-archaeological work in 1972-73, and 1974 (Meehan 
1982).
Table 1:2 Archaeological Excavation and Survey In the Top End of the Northern Territory 
(after Jones and Negerevlch 1985:3)
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the South Alligator River from Jim Jim Creek in the south to the confluence of Nourlangie Creek in the 
north (Figure 1:2). Meehan also investigated sites to the north of Nourlangie Creek in the company of Park 
rangers. Six major sites were located. From south to north, these were Kina, Amakada, Kumunkuwi, 
Kunkundumku, Mamutjirra and Mulamani (Figure 4:2). The sites were large and contained a variety of 
stone artefacts.
Several salient points about the nature of these sites were revealed by the surveys:
1. Sites, especially the larger ones, were usually located on headlands of sand and clay a metre 
or so higher than the surrounding swamps. If prehistoric conditions were similar to those of 
the present, such locations would have afforded well-drained positions for campsites 
strategically placed for exploitation of swamp resources.
2. It is likely that these sites were used on several different occasions during the dry season. As 
the swamps shrank, sites closer to water were occupied.
3. Of the six sites, only the large midden at Kina had in situ deposit, c.80cm deep.
4. The lithic raw materials found at the sites included chert, quartz, quartzite, haematite and 
igneous stone. None of these, except the quartz and igneous material, were locally derived 
(Meehan etal. 1985:103).
This important exploratory work enabled an assessment to be made of the archaeology of the wetland
areas and the formulation of a research strategy. Two major aims of this strategy were:
1. to describe the location and contents of the six sites; and
2. to gather testimony from the local Aboriginal people familiar with the wetlands about their 
use of these sites (Meehan et al. 1985:106).
At the end of the 1981 field season, Prue Gaffey and I, assisted by several Aboriginal people from the 
area - Judy Alderson, Minnie Alderson, Nipper Kapirigi, Butcher Knight, George Namingum and Topsy 
Mungkiwa, conducted a survey along the western edge of the South Alligator floodplains, from the old 
Darwin road to the South Alligator Motor Inn on the Arnhem Highway. Several sites similar to those 
described above were located and recorded: Biliringba, Indarru, Bulkin, Lurrukuku, and Malakamba, as 
well as one extra site on the eastern bank, Nummgurrudjpa. The latter consisted of a number of igneous 
outcrops (Meehan et al. 1985:133-34) and was obviously a quarry for such material (Figure 1:2).
At Malakanbalk on the western edge of the floodplains, a series of sites were found located on eroded 
mounds in a patch of monsoon rainforest. These mounds had been built originally by the scrub-fowl 
(Megapodes r einwar dt syn. M.frey einet) to incubate their eggs. Later people had used them as camps.
In Canberra the archeological material recovered from the wetland sites was analysed and the results of 
the geomorphological and botanical investigations finalized (Meehan et al. 1985:126-7). The dating of the 
excavation at Kina (280±140 BP, ANU 3212, Jones and Johnson 1985:41) and the geomorphological 
samples from the floodplain itself indicated a relatively young age, c.1400 years BP (ANU 2990, Hope et 
al. 1985:235), for the freshwater wetlands and, by implication, the associated sites.
Samples from the surface of Kunkundumku, Kumunkuwi, Kina, and the excavation at Kina, were
13
examined initially. This preliminary analysis provided the basis for the work in this thesis. The results of 
the stone analysis, reports for the 13 sites recorded on the east and west banks of the river, and 
ethnographic information relevant to this area were included in the Consultancy report to ANPWS (Meehan 
etal. 1985:103-53).
1.6. Research for this Thesis
The report of the ANU Consultancy raised a number of questions concerning the nature of Aboriginal 
exploitation of wetlands. As a result, I began research for this thesis, which involved investigation in 
several areas:
1.6.1. Historic Research
In the Kakadu region, the main source of information about Aboriginal use of wetlands is historic, both 
oral and written.
Some of the Aboriginal people still living in the Park have an extensive knowledge of the wetlands, 
including the surveyed areas. They can recall events as far back as the 1920s and 1930s when they were 
camped on the floodplains, working with European buffalo shooters. It was considered essential that 
information about Aboriginal use of wetlands be collected as part of the Kakadu Consultancy project. It 
was hoped that this information would be useful to check the validity of the archaeological conclusions 
(Meehan et al. 1985:103,109). Consequently, we were accompanied in the field by local Aboriginal 
traditional owners who volunteered invaluable information about exploitation strategies and seasonality at 
these sites. During the second field season, in 1983, additional interviews were conducted.
A library survey was undertaken of the historic literature which described Aboriginal use of wetlands in 
Kakadu and other comparable areas of tropical Australia. This included works by explorers from as early 
as 1845, buffalo hunters, government patrol officers and anthropologists. The outcome of this survey was 
included in an MA Qualifying thesis entitled ’Wetlands in Focus’ (Brockwell 1983). This information 
revealed that wetlands were an important source of food and water to Aborigines in tropical Australia, 
especially in the dry season. High productivity at the end of the dry season meant that wetland areas could 
support large populations. Groups from other areas moved to the floodplain margins at this time to partake 
of the bounty with the owners. These annual gatherings provided the opportunity for trade and were 
sanctioned by ceremonies. The wetlands were least productive during the height of the wet season. By the 
tine the rains started, the visitors had departed for their home territories. The wetland owners spent the wet 
season on higher ground beside the floodplains in specially built ’mosquito huts’. They hunted and 
gathered food from the adjacent open wooded plains and monsoon rainforest pockets, until the wetlands 
again became productive when the geese laid their eggs in the late wet season. Once again, they were
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McCarthy/Setzler 1948 Inyaluk (Umbalanya Hill - 10 sites 
Arguluk Hill
'Pigment Cave1 
'White Kangaroo Cave'
C. White (Schrire) 1964--6 Five sites excavated extensively 
Paribari 
Nawamoyn 
Malangangerr 
Jimeri I 
Jimeri II
Tested/investigated
Marlakunanya (Malakunanja I)
Two shelters tested
Djerrlkmerre
Gilinalgun Hill
Two shelters
Makalirrinj
Djelum
Kamminga/Allen 1972 Ngarradji Warde Jobkeng 
Daberr/Feather Dreaming 
Malakunanja II
Burial Cave Nawulandja (Little Nourlangie)
Nangalawurr ('Ship Cave1)
Balawuru/Leichhardt Site
The Disturbed Site
The 'Lindner Site' Nauwalabila
Allen 1977 Ngarradj Warde Jobkeng (major excavation)
Jones 1981 Anbangbang I 
Anbangbang II 
Spirit Cave 
Blue Paintings Site 
Yiboiog 
Nauwalabila I 
Nauwalabila II
Table 1:3 Excavations in the Alligators Rivers region 1948-1981 (after 
Jones and Negerevich 1985:4)
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Figure 1:5 Archaeological Excavations in the Kalcadu Area (after Jones 
and Negerevich 1985:2)
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joined by neighbouring groups to take part in the feast. This distinct pattern of seasonal movement differed 
in many respects from the generalized archaeological model proposed by Schrire (1982:251).
In addition to the historic literature investigated, material culture research was undertaken at the Museum 
of Victoria, Melbourne, and the Australian Museum, Sydney. This study concentrated on items collected 
from the Alligator Rivers area early this century and, in particular, on those items known to be used in 
wetlands exploitation. Relevant photographic collections were also examined.
*v
1.6.2. Archaeological Research
In 1983, further fieldwork was carried out to complete surveys on the open sites and to test the hypothesi S 
derived from the historical research, that the wetland margins were probably occupied year-round. This 
theory implied that wet season sites should exist on the higher ground adjacent to the floodplains.
Ten new sites were located on the open wooded plains abutting the wetlands. These sites occurred 
approximately two metres above the floodplains and about 500m from the floodplain edge. They were 
situated on discrete, abandoned and eroded scrub-fowl mounds.
The mounds were similar to those recorded in the 1981 survey of the western side of the river, except that 
the latter sites are still located within pockets of monsoon rainforest. The mounds ranged from about one to 
three metres in diameter, and were littered with stone artefacts. The discovery of these mounds indicated 
that, at one time, the area had been enclosed by monsoon rainforest, as scrub-fowl dwell exclusively in this 
habitat The elevation of these sites would have facilitated drainage and enabled the occupants to take 
advantage of breezes. This situation may have helped to lessen the impact of mosquitoes, making the 
mounds relatively comfortable for human habitation. Thus, the mound sites are likely to have been 
particularly suitable for wet season camps.
Sample collections of artefacts were taken from the mounds, survey of the large open sites was completed 
and, subsequently, analysis of stone assemblages made during both field seasons was completed in the 
laboratory.
1.7. Methods of Interpretation and Chapter Outline
This thesis attempts to resolve the general questions outlined in the aims by considering three strands of 
evidence; environmental, archaeological and historic. The archaeological interpretations are enhanced by 
the availability of the relevant environmental evidence, since it is the background against which the 
archeological events took place. This information is of special significance as there is no depth of deposit 
on the wetland sites and thus, it is not possible to investigate change through time. The historic evidence, 
considered separately, can be used to test the validity of the archaeological interpretations. The evidence is 
presented chronologically; environmental, followed by archaeological and historic.
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1.7.1. Environmental Evidence
The environmental data pertaining to the wetlands of the Kakadu area have been discussed previously in 
Brockwell (1983). Chapter 2 of this thesis adds to this a consideration of environmental aspects of the 
lowlands which border the floodplains and support a different range of vegetation communities (for 
example, monsoon rainforest and open woodland). It is argued that these communities played an integral 
and, in the wet season, critical role in the seasonal round of the prehistoric inhabitants. Chapter 2 also 
presents updated information relating to present-day and Holocene climate, geomorphology, hydrology, 
land systems, vegetation, native and introduced fauna, and fire. The wetland sites investigated necessarily 
post-date establishment of freshwater conditions and thus, an age of no more than 1000-1500 years BP can 
be assumed.
1.7.2. Archaeological Evidence
Chapters 3 to 6 concentrate on the analysis and interpretation of the archaeological evidence. Chapter 3 
presents a discussion of the methods used in the stone analysis, and of the types of stone tools found on the 
wetland sites. It includes a description of tool type and a summary of tool uses, deduced from usewear,
residue analysis and historical evidence. The stone artefact analysis addresses several specific questions:
1. Where do the raw materials come from?
2. What stone tool types characterize the floodplain assemblages?
3. What is the relationship between the raw materials and artefact types?
4. What is the probable function of these tools?
5. Can gender association be determined? (Brockwell 1983:75; Jones 1985a:295; Meehan et al. 
1985:138).
Chapter 4 contains descriptions of fieldwork methodology and reports for each of the sites investigated. 
The site reports include information about site dimensions, special features, vegetation and details of the 
range and percentages of various stone raw materials and artefact types present.
Chapter 5 addresses Aim 1 of the thesis, that is, to determine the nature of prehistoric site use and 
settlement patterns on the wetland margins of the South Alligator River. The results of the stone analysis 
are presented, and similarities and differences between the wetland sites are examined. This information is 
used, together with the environmental evidence, to derive a model of human economic strategies and 
settlement patterns on the floodplain margins in prehistoric times. The specific questions asked of the 
evidence are:
1. What does the probable function of the stone tools reveal about Aboriginal subsistence 
strategies?
2. What conclusions can be drawn from the degree of curation of stone tools?
3. Can activity areas be identified on the sites?
4. Do assemblages vary from site to site and, if so, can variation be attributed to seasonal 
factors?
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5. Are there differences between the assemblages from the Mound sites and those of the large 
open sites? If so, can these can be explained in terms of different activities and/or different 
times of occupation?
6. What can be inferred about regional trading networks and/or the range of exploitation of the 
wetland inhabitants from the location of the stone sources and from in situ manufacture of 
stone tools.
Chapter 6 addresses Aim 2, the definition of the role of the South Alligator River wetland sites in the 
prehistoric regional economy. The discussion involves a comparison of the wetland assemblages with 
contemporaneous sequences from regional rocksheiter sites in the south of the Park, excavated by Jones 
and Johnson (1985a, 1985b), and Kamminga and Allen (1973); and those in the north excavated by Allen 
(in press), Kamminga and Allen (1973) and Schrire (1982; White 1975). Geomorphological evidence 
provides details of a changing resource base through the mid to late Holocene. These data, coupled with an 
assessment of the archaeological evidence from rocksheiter sites, allow conclusions to be drawn about 
regional subsistence strategies and settlement patterns in response to a changing environment over the last 
several thousand years.
The questions asked are:
1. Do stone assemblages from the rocksheiter sites differ from those of the wetland sites?
2. If such differences exist, are they a reflection of a different economic base?
3. Given that changes in resource base would have affected subsistence strategies, is the 
establishment of freshwater conditions on the floodplains reflected in the archaeological 
evidence from the rocksheiter sites, especially those located close to the edges of the northern 
wetlands?
1.7.3. Historic Evidence
Chapter 7 addresses Aim 3; the definition of changes in Aboriginal use of wetland areas since first known 
European contact, and how these changes relate to prehistoric patterns of exploitation. The chapter 
contains an assessment of the historic evidence, from both literary and oral sources, and museum 
collections. This information forms the latest phase in patterns of behaviour which, although much 
changed by European contact, may reflect those of prehistoric times. The historic research focusses on 
issues highlighted by the archaeological evidence, in order to create an ethnographic model comparable to
the archaeological model. The research attempts to determine:
1. How wetlands were used in the past;
2. what changes have occurred in exploitation and settlement patterns over the last 150 years;
3. what items of material culture were required for effective exploitation of wetland areas; and
4. what stone tools were needed for manufacture, maintenance or use with these items.
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1.7.4. Conclusions
In Chapter 8, the archaeological and historic models are assessed to determine whether prehistoric 
patterns have survived into historic times. This approach enables the identification of specific areas of 
continuity and/or change. It is thus possible, and acceptable, to flesh out the archaeological interpretations 
using historic analogy. It also enables comment to be made about the nature of change and/or of 
continuity.
Chapter 9 places the evidence from the Alligator Rivers wetland sites in prehistoric and historic context. 
It compares the archaeological conclusions from the study area with evidence from other wedand sites in 
Australia and overseas, in order highlight convergence and/or divergence.
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Chapter 2
Physical Development and Resources of the Alligator 
Rivers Floodplain
2.1. Introduction
The Holocene period in northern Australia witnessed dramatic changes in the environment These 
affected both the ecology of plants and animals and thus, the subsistence strategies and settlement patterns 
of the Aboriginal inhabitants. This chapter contains information about the environment including climate, 
hydrology, geomorphology, land systems, flora, fauna and fire regimes, from the mid to late Holocene 
period. It highlights the changes that have taken place, especially those that have bearing on the 
interpretation of the archaeological record.
2.2. Climate
The climate is characterized by high temperatures and two major seasons - a long dry season and a shorter 
wet season. This marked seasonality has a major effect on hydrology, and thus on vegetation and animal 
communities. In the past, it would have influenced the way in which Aboriginal hunter-gatherers subsisted 
and moved around the countryside. To a certain extent, the activities of the Aboriginal people who live 
there today continue to be regulated by seasonal changes.
The wet season, carried by the northwest monsoons, arrives about late November and lasts until March or 
early April. The dry season, virtually rainless, extends from May to November, and is dominated by 
southeast trade winds. The annual cycle is reliable but variable. The time of the commencement and 
duration of the wet season changes, and inland areas receive less rainfall than coastal areas, with 
consequent variations in vegetation (Christian and Stewart 1953:29).
The average rainfall for the area is 1410mm per annum, nearly all of which falls in the wet season 
months. The wet season is characterized by thunderstorms, tropical cyclones and barometric depressions 
associated with heavy rainfall (Calaby 1980:324; Finlayson 1988:59; McAlpine 1976:39) (Figure 2:1). The 
lowest humidity and lowest temperatures (17°C) occur between July and August, and the highest 
temperature (38°C) during the build-up to the wet season in October and November (Table 2:1). This is the 
most unpleasant time of year for humans (McAlpine 1976:40,42). In northern Australia, humidity is higher 
on the coast and temperatures are higher inland.
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2.3. Hydrology
It is difficult to assess accurately the hydrology of the South Alligator River, as it is fed by numerous 
tributaries. A pattern can be perceived however, by using comparative data from the Daly River 
(Woodroffe et al. 1986:10-12) and the nearby Magela Creek (Finlayson 1988a:59). As would be expected, 
water flow in rivers and creeks are markedly seasonal. Freshwater flow begins in the wet season, and has 
virtually ceased by June (Woodroffe et al. 1986:10). The general hydrological pattern for Magela Creek is 
illustrated in Figure 2:2. Maximum flooding occurs late in the wet season, after the ground water level of 
the plains has risen steadily since the beginning of the rains (Chappell and Woodroffe 1985:90). The 
yearly cycle is described below:
There is a period o f intermittent storms that saturate the soil, followed by more consistent rains and 
widespread flooding. As rainfall increases, continuous flow occurs in the braided channels and eventually 
into a narrow corridor region of channels and billabongs, before spilling out onto the floodplains. At the end 
of the Wet season input of water to the streams finally ceases and evaporative losses increase. The outflow to 
the East Alligator continues for some weeks, leading eventually to the formation o f a dry floodplain, except 
for the presence of isolated pockets of permanent water in billabongs and swamps. The drying-out phase can 
take many months. The creeks and channels also either dry out completely, or are reduced to a series of 
waterholes (billabongs) (Finlayson 1988a:60).
It is the existence of these waterholes and billabongs, which can last throughout the dry season, which 
make the floodplain areas such a valuable resource - not just for birds and animals, but also for humans.
2.4. Holocene Climates
Holocene climates in northern Australia have been discussed previously in another context (Brockwell 
1983:3-7). A summary of those data is given below, together with new information which has become 
available subsequently.
Apart from Nix and Kalma (1972), and more recently Lees and Clements (1987) and Wasson (in prep.), 
there has been little research into climatic change during the Holocene in northern Australia, or anywhere 
in the tropics. Information is inferred from palaeo-vegetation and geomorphological studies on the 
Atherton Tableland in northern Queensland, the Kimberleys, Melville Island, the highlands of Papua New 
Guinea and southern Australia. However, differences between the data from these regions suggest that the 
results are not necessarily valid for the Top End of the Northern Territory. Some of the more pertinent 
results are summarized in Figure 2:3.
Between 10,000 and 6000 years BP, rainforest expanded on the Atherton Tableland in northern 
Queensland. On the basis of this evidence, Ash (1983:90) argued that rainfall in northern Australia 
increased to about the same level as today’s during this period. However, most other researchers agree that 
there were wetter conditions in mid-Holocene times, probably greatest between 8000 and 5000 years BP 
(Chappell and Grindrod 1983:87; Bowler et al. 1976:359). There is no consensus on temperature. Some 
researchers argued that it was warmer (Hope 1983:97-98; Nix and Kalma 1972), others that it was colder 
(Aharon 1983:89; Kershaw 1983:100-101; Kershaw and Nix 1988:600).
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Class
(mm)
0
1-24
25-49
50-74
75-99
100-124
125-149
>150
Table 2 
Classes
300 -
E 200 -
F M A
Local convection
Equatorial or monsoonal troughs
Organised convection
Tropical cyclones
_
Easterly disturbances
Figure 2.1: Annual rainfall at Oenpelli, and 
of rainfal1-producing systems. 
(After Woodroffe e^_al 1986:6)
the five categories
O c t . Nov. D e c . J an. F e b . Mar. Apr.
28.70 21.68 16.15 12.60 9.98 14.43 24.67
1.92 6.90 11.90 14.08 14.03 13.00 4.70
0.28 1.18 2.07 3.15 3.12 2.68 0.43
0.10 0.18 0.72 0.82 0.73 0.55 0.13
0 0.03 0.10 0.30 0.23 0.15 0.03
0 0.02 0.03 0.02 0.12 0.05 0.02
0 0 0.02 0 0.05 0.08 0.02
0 0 0.02 0.03 0 0.05 0
1 Average Number of Days per Month with Rainfall within Specified 
at Oenpelli (after McAlpine 1976:39)
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Figure 2:3 Summary of Climatic Trends in Northern Australia During the 
Late Quaternary (after Woodroffe et al 1986:21)
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Nix and Kalma (1972:82-86) were amongst the first to develop the view that a warmer/wetter period 
existed about 8000 years BP. They argued that, following the post-Glacial sea level rise when most of the 
Sunda and Sahul shelf was flooded, movement of the water across the shelf would have been prevented by 
Torres Strait which, at that stage, was still dry land. This region contained a large shallow lake (Lake 
Carpentaria) from 35,000 years BP until it was drowned by sea level rise c. 12,000 years BP (McCulloch et 
al. 1989:1703; Torgersen et al. 1988:245). Rapid heating of this pooled water probably resulted in 
increased evaporation and latent heat transport and thus, a climate warmer/wetter than at present (Nix and 
Kalma 1972:82).
Jennings (1975:251-52) concluded that wetter conditions existed in the Kimberley region between 7400 
and 6000 years BP, based on evidence for the presence, at that time, of larger communities of mangrove 
forests and larger mangrove trees than exist in the area today. Stocker (1971a), from a study of scrub-fowl 
mound distribution on Melville Island, argued that the extent of monsoon rainforest was greater between 
8000 and 2000 years BP than subsequently, due to either higher rainfall, or the impact of anthropogenic fire 
regimes.
In northern Queensland, Kershaw (1983, 1985) interpreted pollen diagrams, from Lynch’s Crater on the 
Atherton Tableland, as indicating wetter conditions from between 7000 and 3000 years BP, and inferred 
highest effective rainfall in the area to have occurred between 5500 and 3700 years BP. From a pollen 
sequence at nearby Lake Euramoo, Kershaw and Nix (1988:600-601) presented a detailed climatic history 
from the mid to late Holocene. From 7500 to 6000 BP, there was a proliferation of rainforest taxa, which 
they concluded was evidence for higher rainfall than that at present On the basis that a wetter climate was 
indicative of cooler temperatures, they also argued that average temperatures were from one to five degrees 
lower. However, they pointed out that higher annual mean precipitation may have been a result of higher 
• rainfall during the driest quarter, causing reduced seasonality. From 6000 to 5000 years BP, they suggested 
that annual rainfall was much the same as today’s, but temperatures were slightly lower. Temperatures and 
annual mean precipitation were higher between 5000 and 3600 BP. Higher temperatures, at about the same 
time, are indicated for the Highlands of Papua New Guinea, where the treeline between 8400 and 4750 BP 
was at least 150m higher than at present (Hope 1983:97-98). The change in treeline corresponds to a 
temperature change of about two degrees Celsius.
Similar conclusions are drawn by most researchers for the central and southern parts of the Australian 
continent (Chappell and Grindrod 1983:87-88). Other evidence from southern areas indicated a 
progressively drier climate between 5000 and 4000 years BP, which peaked at about 3000 years BP 
(Bowler 1976:73, 1983; Bowler et al. 1976:390). There is some evidence to suggest that the climate again 
became slightly wetter in arid areas of central and southern Australia from about 1500 years BP. Smith 
(1988b: 11-15) has reviewed the evidence for this change. Briefly, high rainfall events occurred more 
frequently during the last thousand years, than in the previous 3000 years.
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The evidence indicates that the same climatic changes took place in northern Australia. Lees and 
Clements (1987) have reviewed dates for chenier dune formation at several locations in northern Australia; 
Eastern Cape York at Princess Charlotte Bay, western Cape York at Karumba, the Top End of the Northern 
Territory at Point Stuart and the Joseph Bonaparte Gulf in the east Kimberleys. On the basis of a statistical 
analysis of these data, they have concluded that dunes formed from between 2800 and 1600 years BP were 
a non-random occurrence, due probably to reduced wet season rainfall during this period. They have 
related subsequent mudflat deposition after 1600 years BP to a period of increased rainfall. 
Geomrphological data from drill cores in the Magela floodplains are consistent with these results (Wasson 
in press). They indicate that, c.2000 years BP, freshwater grey clays were deposited at a time when wet 
season inundation was shorter than subsequently, implying a drier climate. The build-up of a dark 
brown/black deposit after 1400 years BP suggested increased inundation, presumably as the result of a 
wetter climate.
2.5. Landscape Evolution During the Holocene 
2.5.1. Kakadu Floodplains
A summary of the geomorphology relevant to the archaeology of the wetlands has already been presented 
(Brockwell 1983). Since then however, several more studies have been completed. The interpretations 
contained in this new work are crucial to the understanding of the archaeology of the region.
A series of estuarine systems occur along the coastal areas of northern Australia. These various systems 
responded differently to post-Pleistocene sea level rise, which occurred from between 16,000 and 6000 
years BP. When the sea level rose, downcut valleys were drowned. Some, like Darwin Harbour, became 
deep water embayments. Others, through sedimentation, formed mangrove swamps and freshwater 
wetlands during the later phase of the sea level rise (Chappell 1988:34).
The South and East Alligator Rivers are examples of the latter type. Both rivers have been the subject of 
several geomorphological studies (South Alligator River: Chappell 1988; Chappell and Grindrod 1985; 
Chappell and Woodroffe 1985; Grindrod 1988 Hope et al. 1985; Russell-Smith 1985a; Woodroffe 1988a, 
1988b; Woodroffe et al. 1985a, 1985b, 1985c, 1986); East Alligator River: Clark and Guppy 1988 ; East et 
al. 1987a, 1987b; Wasson in press).
Today, the South Alligator River rises to the southwest of the study area in the Arnhem Land plateau and 
flows around the southern end of the escarpment, before it turns north (Figure 2:4). Here it forms a braided 
stream as it passes through hills and lowlands. Just to the south of the archaeological site Kina, the stream 
dissipates as it enters a large freshwater floodplain. To the west of Kina, the river channel re-establishes 
itself and becomes tidal between that point and the sea, a distance of 72km (Russell-Smith 1985a: 192).
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Figure 2:4 Topography of the South Alligator Catchment Showing the Main 
Tributaries. The Plains are outlined by a dotted line 
(after Woodroffe et al 1986:5)
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Cores taken from a series of drill holes in the floodplains along the upper and lower reaches of the South 
Alligator River record a series of events that took place during the development of the floodplain (Figures 
2:5,2:6).
Chappell (1988), Chappell and Grindrod (1985), Chappell and Woodroffe (1985), Grindrod (1988) and 
Woodroffe (1988), Woodroffe et al. 1985a, 1985b, 1985c, 1986) have divided the evolutionary sequence of 
the downstream segment of the South Alligator floodplain into three phases; ’transgressive’, ’big swamp’ 
and ’sinuous-cuspate’ (Figure 2:7). These phases were accompanied by corresponding changes in 
vegetation (Figure 2:8). The ’transgressive’ phase is dated from 8000 to 6800 years BP and was 
characterized by mangroves rapidly invading newly formed intertidal zones, after rising seas had 
encroached on the river valleys (Chappell 1988:41; Woodroffe 1988a:3). The ’big swamp’ phase which 
followed occurred between 6800 and 5300 years BP. During this period, sedimentation kept pace with sea 
level rise and intertidal deposits accumulated in a shallow estuarine environment (Woodroffe et al. 
1985c:712). Mangroves, especially Rhizophora sp., spread widely to dominate the floodplains when sea 
level rise decelerated and approached its present level c.6000 years BP (Chappell 1988:41; Chappell et al. 
1982; Clarke et al. 1979; Thom and Chappell 1975; Woodroffe 1988:4; Woodroffe et al. 1985c, 
1986:127-30).
The ’big swamp’ phase was succeeded by the ’sinuous-cuspate’ phase (Chappell 1988:41; Woodroffe 
1988:4-5; Woodroffe et al. 1986:130). Continued sedimentation under stable conditions led to the 
disappearance of mangroves and subsequently, to the formation of the sedge and grass floodplains 
(Woodroffe 1988:25). On the basis of a series of uncorrected radiocarbon dates from estuarine shell 
middens overlying freshwater clays on the South Alligator floodplain, Chappell (1988:41) and Woodroffe 
(1988a:7,9; Woodroffe et al. 1986:130,133,135, 1988:97) concluded that freshwater clays were deposited 
rapidly following the ’big swamp’ phase, and that productive freshwater wetlands have been in existence 
since at least 4000 years BP on the lower South Alligator River.
A separate study, undertaken on the upper reaches of the South Alligator floodplains at Kina (Figure 2:6) 
produced essentially the same sequence (Figure 2:9), with one major variation and a different conclusion 
concerning the timing of these events. Hope et al. (1985) and Russell-Smith (1985a) argued that, 
following the ’big swamp’ period and prior to the establishment of freshwater conditions, there existed an 
intermediate phase during which build-up of sediment prevented tidal intrusion and initiated the 
development of saline mudflats. These mudflats are created through hypersalininty resulting from high 
evaporation. Such areas occur today in lower rainfall areas of tropical Australia (for example, on the 
Fitzroy and Ord Rivers) (Woodroffe 1988:16). At Kina, this event was not dated precisely but was 
estimated to have occurred somewhere between c.4500 and 2500 years BP. It was characterized by light 
brown clay sediments which displayed a conspicuous mottling and absence of organic remains in
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Figure 2:5
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Map of Drill Core Locations on the Lower South Alligator 
River (after Woodroffe et al 1985b:18)
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Figure 2:6 Map of Drill Core Locations on the Upper South Alligator 
River (after Hope et al 1985:230)
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association with generally low concentrations of pollen, a marked decline in Rhizophora sp. pollen and an 
increase in pollen of the mangrove species Avicennia marina. Rhizophora sp. requires tidal inundation to 
survive, while Avicennia sp. tends to occur on landward hinging margins of mangrove forests, subject to 
only intermittent tidal inundation. These features are indicative of soil forming processes and suggest that, 
during this phase, the floodplain was an estuarine mudflat. This interpretation was supported by the 
presence of Avicennia marina (at that time), which grows in similar habitats today (Hope et al. 1985; 
Russell-Smith 1985a; 197). The development of saline mudflats c.3000 years BP in the Alligator Rivers 
area accords well with the suggestion that drier climatic conditions existed about this time, as described in 
the preceding section.
Grindrod (1988) disputed the analysis presented by Hope and Russell-Smith and argued that no ’salt 
plain’ phase existed. Nevertheless, a phase of declining Rhizophora sp. and Avicennia sp. and Sonneratia 
sp. pollen was also described in the studies by Chappell and Grindrod (1985:232) and Woodroffe et al. 
(1986:130) for the lower reaches of the South Alligator River, but was not distinguished from other events 
within the ’sinuous-cuspate’ phase.
At Kina, according to Hope et al. (1985:235), further siltation followed the establishment of the saline 
mudflats, leading to levee formation which prevented sea water intrusion and ponded runoff from the 
annual rains against the edge of the floodplain. Thus, the build-up of black soil plains was initiated and, by 
1400 years BP, freshwater wetlands were the dominant feature of the floodplain on the upper reaches of the 
South Alligator River above the tidal limit. Increased rainfall c.1500 years BP, as suggested by the studies 
in the arid zone (Smith 1988:14-15), may have been at least one of the factors involved in the transition 
from saline mudflats to freshwater wetlands at this time.
Studies on the Magela Creek system to the northeast of the South Alligator River (Figure 2:10,2:11) have 
proposed a sequence (Figure 2:12) and time frame for the development of freshwater wetlands there, 
similar to that outlined for Kina (Dark and Guppy 1988; East et al. 1987a, 1987b; Wasson in prep.). The 
’big swamp’ phase there has been dated from between 8000 and 3000 years BP, with mangrove vegetation
t
dominated by Rhizophora sp.. From 2000 years BP, there was a marked change in the vegetation, when 
Rhizophora sp. was largely replaced by Avicennia sp. and various grasses. This was a period of 
environmental instability and floral diversity, when new tidal channels were being cut and infilled, and 
areas were being inundated alternately with fresh and saltwater. There was a mosaic of sedimentary 
environments, including tidal channels and estuarine mudflats. It is possible that, during the later phases of 
this transition period, some salt tolerant sedges and grasses proliferated, as is the case today near the 
Magela outlet and some upstream segments of the South and East Alligator Rivers. From 2000 years BP, 
grey freshwater clays were laid down. After 1400 years BP, a black clay layer, indicating an increase in 
organic productivity, was deposited (Wasson in prep.). This change was also reflected in the vegetation.
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By about 1400 years BP, mangroves had disappeared altogether and freshwater species were dominant, 
including grasses, sedges, paperbarks, pandanus and freshwater mangroves, Barringtonia sp. (East et al. 
1987a:9, 1987b:33-34; Clark and Guppy 1988; Wasson in prep.). Wasson (in prep.) has concluded that 
establishment of full freshwater conditions on the floodplains c. 1400 years BP can be related to a period of 
increased rainfall.
As the shape of the floodplain is convex, water impounds against the edge of the floodplains, accounting 
for the existence of the backwater swamps (Woodroffe et al. 1985a: 13) (Figure 2:13). Based on arguments 
for early development of freshwater conditions on the lower South Alligator floodplain (c.4000 years BP), 
and the fact that floodplain convexity has existed for several thousand years, Woodroffe (1988:7) 
concluded that productive backwater swamps have also existed since 4000 years BP. However, given the 
evidence presented for the Magela floodplains, it is possible that the freshwater clays described by 
Chappell (1988:41) and Woodroffe (1988a:7,9, 1988b:97; Woodroffe et al. 1986:130,133,135) existed at a 
time of environmental flux, when inundations of both fresh and saltwater supported salt tolerant freshwater 
vegetation. Even if the freshwater conditions were established on the floodplains some 4000 years ago, 
their value as an important resource base for animals, birds and people would not have existed until 
billabongs etc. were in place to hold water throughout the dry season. Such permanent water-bodies on the 
floodplains are the result of palaeo-channels, formed when meanders were cut off during the ’sinuous 
phase’ of the river’s evolution. This process occurred from 5300 years BP till 2000 years BP on the lower 
South Alligator River (Woodroffe 1988:4; Woodroffe et al. 1986:133), and from 3000 to 1300 years BP on 
the Magela Creek floodplains (Clark and Guppy 1988; Wasson in prep.). The palaeo-channels have since 
filled and shallowed sufficiently to allow aquatic flora, and thus fauna, to flourish.
If the same situation existed on the lower South Alligator floodplains, fully evolved and productive 
freshwater wetlands probably did not emerge there until c.1400 years BP, as indicated for the Kina and 
Magela Creek floodplains.
2.5.2. Elsewhere in Kakadu
Other areas of the Kakadu region also experienced change during the Holocene. Anbangbang lagoon lies 
adjacent to Nourlangie Rock, an outlier on the plains, about 40km east from the South Alligator wetland 
sites (Figure 1:2). The lagoon drains south into Nourlangie Creek. Drill cores taken from this lagoon 
revealed that, at c.6000 years BP, the base level of Nourlangie Creek rose in response to the rise in sea 
level. An associated increased in sedimentation reduced stream flow and resulted in the formation of a 
levee. Water from Nourlangie Creek ponded against the levees and by 3000 years BP, Anbangbang 
Lagoon had formed. Increased quantities of charcoal in the upper units of the deposit, indicate that fires 
were a frequent occurrence throughout the last 3000 years (Hope et al. 1985:233). Carbonized particles are 
common in Holocene floodplain deposits elsewhere. If the presence of charcoal is not due to differential 
weathering processes, it suggests a mid-Holocene change in burning regimes (Hope et al 1985:240).
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Excavation at Nauwalabila I demonstrated that accumulation of sediment through occupation layers was 
roughly constant throughout the Pleistocene and early Holocene, but appeared to increase in the late 
Holocene. At present, sedimentation has slowed (Hope et al. 1985:229-31). However, it cannot be 
established precisely when this slowing effect began due to lack of dates after 2000 years BP.
2.5.3. Elsewhere in the Tropics
The evolution of the Alligator Rivers system parallels the development of other rivers in northern 
Australia, although the timing differs from place to place, as does the pace of evolution (Chappell 
1988:37-44; Woodroffe 1988a: 11-17; Woodroffe et al. 1986:133). All rivers share a ’transgressive’ phase, 
before 6000 years BP when the sea approached its present level, and a ’big swamp phase ’ when down cut 
river valleys were flooded, silted up and invaded by mangroves. In northern Australia, such was the case 
for the South and East Alligator, Ord, Fitzroy and Daly Rivers, and may be so for the Adelaide River 
(Chappell 1988:37; Chappell and Woodroffe 1985; East et al. 1987; Woodroffe 1988:12-17). After the 
’big swamp phase’, the evolutionary histories of the river systems diverged. For example, on the 
floodplains of rivers in tropical regions with marked wet and dry seasons, such as the South and East 
Alligator, Daly and Adelaide Rivers, mangrove muds were overlain by freshwater clays. In the Fitzroy, 
Ord and King River systems, semi-arid saline mudflats have developed over mangrove mud.
Parallel developments also occurred in rivers in southeast Asia. Widespread mangrove forests appeared 
to precede the development of peat swamps in the Baram River, Sarawak, and the Klang and Pekan Nanas 
Rivers in peninsular Malaysia. These rivers are located in the wet tropics, and the development of peat 
swamps is the result of much higher rainfall than that experienced in northern Australia. In addition, these 
events occurred later in southeast Asia because sea level appeared to stabilize somewhat later there, c.4200 
BP, for a variety of reasons (Woodroffe 1988:24-25,28).
2.6. Land Systems
The six broad topographic regions delineated within the Kakadu region today, tidal flats, floodplains, 
lowlands, the escarpment and outliers, the Arnhem Land plateau and the southern hills and basins, support 
a range of floral communities, including coastal mangroves, monsoon rainforests, sandstone escarpment 
communities, Eleocharis sp. swamps, floodplain paperbark communities and eucalypt woodlands (ANPWS 
1986:7-12). This environment provided a diverse and abundant resource base for the prehistoric Aboriginal 
inhabitants of the area. It continues to provide ’bush tucker’ for Aborigines living there today, and game 
for white Australians who flock to the area in the hunting season. The landforms most relevant to this 
enquiry are the floodplains and the lowlands.
These landforms have been described in detail elsewhere (Brockwell 1983:9-10). A summary is
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presented below. The plain through which the South Alligator River flows has been subdivided into four 
major land systems (Story 1969a:20-23; Galloway et al. 1976):
1. Granite hills and lowlands.
2. Koolpinyah land surface - level, rolling or dissected lateritic lowlands.
3. Alluvial plains - where Quaternary alluvium is spread on sandy or silty soils.
4. Coastal plains - composed of ill-drained estuarine muds and clays.
According to categories defined by Galloway et al. (1976) and Williams et al. (1969) for the Alligator 
Rivers area, the coastal plains can be divided into four land systems; Cyperus, Copeman, Littoral and 
Pinwinkle. The Cyperus system is seasonally flooded, though well-drained. Copeman is composed of low 
swampy channelled estuarine plains and Pinwinkle consists of swampy depressions. Both the latter are 
subject to waterlogging during the wet season. The soils found within these land systems are mostly 
freshwater black clays (Williams et al. 1969:29,32,46) - hence the description ’black soil plains’. The 
Littoral landsystem lies seaward of them all, and consists mainly of tidal flats. Each of these land systems 
supports a different range of floral communities (Story 1969a:23, Williams et al. 1969:44).
The South Alligator River and floodplain lies within the coastal plains formation (4) and is made up of 
the four land systems defined above. Woodroffe et al. (1985a, 1986:49-72) devised a system of 
classification of landforms specifically for the South Alligator River. They recognized three divisions 
within the coastal plains formation; the coastal plain, the deltaic-estuarine system and the alluvial plain. 
Coastal plain is found at the mouth of the river, the deltaic-estuarine system (so-called because it is 
influenced by both fluvial and tidal processes within the river) stretches from the coastal plain to Kina. 
This area marks the boundary between the deltaic-estuarine system and the alluvial plains (Figure 2:14). 
This plain is further divided into the lower floodplain, upper floodplain and backwater groupings. The 
lower floodplain consists of salt mudflats and tidal creeks which extend back from the river, and poorly 
drained portions of black cracking clay plains. The upper floodplain is located above Peak Spring Tide 
level at Kina, but is flooded during the wet season for between three and six months. The backwater 
swamps are freshwater, and lie between the plain and the upland valleys (Woodroffe et al. 1986:54-62; 
Finlayson et al. 1988:106). Table (2:2) correlates these divisions with with the land systems devised by 
Williams et al. (1969) and Story (1969b, 1976) for the Alligator Rivers area in general. All archaeological 
sites investigated for this thesis are situated adjacent to the lower floodplain and backwater groupings of the 
deltaic-estuarine landform.
The Koolpinyah land surface (2. lowlands), abutts the wetlands and is also made up of a number of 
different land systems (Galloway et al. 1976:18). These in turn support a variety of vegetation
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communities (Story 1969a:21). The relationship between the land systems, soils and vegetation types is 
presented in Figure 2:15 and Table 2:2 and discussed below.
2.7. Productivity
On a world scale, freshwater wetlands have a mean productivity rate of 3000g per m2 per year, the 
equivalent Figures for estuarine systems being 1500g per m2; savanna grasslands 900g per m2; and 
woodland/shrublands 700g per m2. Thus, as the range of resources discussed below indicates, freshwater 
wetlands are an exceptionally productive ecosystem.
2.8. Resources of Freshwater Wetlands
2.9. Flora
The flora of the Alligator Rivers floodplains has been described in several reports (for example, Finlayson 
1988, Finlayson et al. in press; Specht and Mountford 1958; Story 1969b, 1976; Russell-Smith and Dunlop 
1983; Taylor and Dunlop 1985; Williams 1979).
The freshwater wetlands and the Koolpinyah land surface between them support seven broad vegetation 
communities; paperbark forests, annual swamp vegetation, mixed sedges and grasses and saline grasslands 
on the wetlands; and open forests, eucalypt woodlands and monsoon forests on the Koolpinyah land surface 
(Russell-Smith 1985b: 193-94).
During the wet season, rivers and creeks flood and spread out over the lowland plains to form wetland 
areas. The type of vegetation in an area at any given time varies from year to year according to the timing, 
duration and intensity of the wet season (Finlayson 1988:62; Taylor and Dunlop 1985:94) (Figure 2:16). 
Within the freshwater wetlands, the Cyperus land system is flooded for between two and six months of the 
year, and supports a mixed grass/sedge community, including Cyperaceae, and a leafy tree (Carthormion 
umbellatum). By mid-dry season, this community has been reduced to dry grass. Copeman is lower-lying 
than Cyperus, and is inundated for between six and nine months. It supports herbaceous swamp vegetation, 
such as spike rush (Eleocharis sp.), various species of waterlilies (Nymphaeceae) and swamp grasses, 
including wild rice (Oryza sp. and panic grass Panicum sp.). By the end of the dry season, the black clay 
soils of Copeman are dried and cracked. Pinwinkle lies the in the lowest areas of the floodplain land 
systems, and thus remains swampy for most of the year. It supports paperbark forest (Melaleuca sp.) 
(Figure 2:17), stands of bamboo (Bambusa arnhemicd) and freshwater mangrove (Barringtonia 
acutangula), among other species. Saline grasslands are formed where intermittent dry season tidal 
flooding occurs. Vegetation in such areas consists mainly of the grass Sporobolus virginicus. Mangroves 
(Avicennia marina and Sonneratia casseolaris) occur occasionally along major tidal channels in these areas
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(ANPWS 1986:8,10; Brock 1988:19; Finlayson 1988:110, Finlayson et al. in press; Russell-Smith 
1985b: 193-94; Story 1969a:23; WUliams t al. 1969:29,32,46) (Figure 2:18).
The Koolpinyah landform, abutting the wetlands contains extensive woodlands and open forests 
dominated by eucalypts (Figure 2:19). Savanna, grasslands, scrub and specialized fringing communities 
along watercourses occur as well. At the junction of the lowlands and the floodplains, pockets of monsoon 
forest (dense, evergreen and floristically rich) are found (Figure 2:20). These forests are found only within 
the Holocene tidal range, and contain many typically maritime species. They often contain palms but lack 
eucalypts (ANPWS 1986:8,10; Russell-Smith and Dunlop 1983:8). Given the recent origin of the Alligator 
Rivers floodplains (c.6000 years BP), Russell-Smith and Dunlop (1983:8) concluded that monsoon forests 
patches are of recent origin in that ecosystem.
2.10. Fauna
The Alligator Rivers region is known to contain one of the most abundant and diverse faunal populations 
in Australia (Fox et al. 1977:52). This is due largely to the presence of the freshwater wetlands there. 
During the dry season, the wetlands are a major attraction for waterbirds (Figure 2:21), which feed mainly 
on fish, plants and insects (Finlayson et al. 1988:112). An estimated one third of Australia’s bird species 
and one quarter of known Australian freshwater fish species have been recorded in the region (ANPWS 
1986:40; Christian and Aldrick 1977:49). In the late wet season, many water birds return to the area after 
seasonal migration to lay their eggs (Finlayson et al. in press). Freshwater wetlands also support large 
numbers of reptiles, including freshwater and estuarine crocodiles (Crocodylus johnstonii and C. porosus) 
(Figure 2:22), freshwater turtles and water snakes (Finlayson et al. 1988:110).
The open forests and woodlands adjacent to the floodplains contain an abundancy of fauna, and the 
species which occur here are the most common in the region. Emus, wallabies, other small mammals and a 
variety of reptiles etc. inhabit these areas. Compared with the other areas, monsoon forests contain a small 
number of animals, except for birds. This community is the exclusive habitat of the orange-footed scrub- 
fowl (Megapodes reinwardt syn. freycinet) which builds large conspicuous mounds to incubate its eggs 
(Kikkawa and Monteith 1980:33; Russell-Smith and Dunlop 1983:42).
2.10.1. Invertebrates
It is estimated that over 10,000 insect species, along with other invertebrate species such as spiders and 
molluscs, occur in the Kakadu area (ANPWS 1986:44). Insects are important food for reptiles, aquatic 
invertebrates and some waterbirds (Finlayson et al. in press).
Freshwater mussels (Velesunio sp.) occur in abundance in waterholes of the floodplains (Finlayson et al. 
1988:110). Estuarine shellfish are found among the mangroves which grow occasionally along the major
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Figure 2.16 Seasonal Changes in Floodplain Vegetation, Percentage Cover 
and Dominant Biomass, along Transects at Nankeen Billabong, 
Magela Creek Floodplains (after Finlayson et al in press)
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Figure 2.17 Stands of Paperbark (Melaleuca sp.) Showing Highwater Marks 
at Peak Flooding and later as the Water Recedes 
(photographs by P. Tacon)
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Figure 2:18 Mangrove Lined Creek
Figure 2:19 Open Woodland Abutting the Floodplains (photograph by ? Tacon) J
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Figure 2:20 Monsoon Rainforest Fringing Open Plans
Figure 2:21 Waterbirds on the Wetlands
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tidal channels of the upper reaches of the rivers, and arc common on the mangrove mudflats of the lower 
sections (ANPWS 1980:141).
2.10.2. Feral Animals
The history of the introduction and spread of feral species and the impact they have had in the Alligator 
Rivers area has been outlined elsewhere (Brockwell 1983:30-34).
A number of species of introduced animals live in the Kakadu area today, including water buffaloes 
(Bubalus bubalis), introduced originally by the British 150 years age, cattle (Bos taurus), pigs (Sus scrofa), 
horses {Equus cabullus), cats (Felis earns), and dogs (Canis familiar is) (Ford and Tulloch 1977; Letts et al. 
1979; Stocker 1971b).
The rooting habits of pigs, and the grazing, wallowing and trampling habits of buffaloes are particularly 
destructive to wetland areas. In addition, buffaloes tend to return to the same paths and pads, which hastens 
the drying out of swamps and causes severe erosional problems. Buffaloes have also created swim 
channels and broken down levees, thus allowing saltwater to enter freshwater areas and poison freshwater 
fauna and flora (Ford and Tulloch 1977, Letts et al. 1979) (Figure 2:23).
It is possible that buffaloes were already having a detrimental effect on the environment in the Kakadu 
region as early as the late 1880s. By that time, they were present in sufficient numbers to support several 
European shooters on a commercial basis (Gillespie 1979).
By consulting explorers’ reports, it is possible to reconstruct a picture of the state of the Kakadu wetlands 
before they were affected by the presence of feral animals (for example, Leichhardt 1847:488,511; see 
Chapter 1). It seems that several plant species important to both Aboriginal subsistence and to the local 
fauna, have all but disappeared from Kakadu (Letts et al. 1979:16,17,190; Schrire 1982:16; Stuart 
1865:402; Warburton 1944:78). For example, buffaloes have affected crocodile breeding grounds by 
trampling the floating grass mats (Hymenachne sp.), which are used as nests for eggs. Hymenachne sp. 
also maintains moisture in the floodplains as the dry season progresses. It is possible too, that grazing has 
been responsible for the elimination of large stands of the reed (Phragmites karka) over an area of 
3000-4000 hectares in the Kakadu area alone. P. karka provides shelter for geese and prevents wetlands 
from rapid evaporation (Finlayson 1988:115; Finlayson et al. in press; Hill and Webb 1982). Additionally 
buffaloes, through the destruction of vegetation, promote the spread of introduced and native weed species 
and adversely affect pockets of monsoon rainforest. They seek out this habitat for shelter and cause 
damage by rubbing and trampling (Kikkawa and Monteith 1980:32, Russell-Smith 1984:30; 1985a:200). 
Russell-Smith (1985b) argued, conducted studies of the distribution of scrub-fowl mounds, now located 
within open woodland in the vicinity of the South Alligator wetland sites. He concluded that previously,
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Figure 2:22 Estuarine Crocodile (Crocodylus porosus) (photograph by P. 
Tacon)
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monsoon forest was more widespread in the Kina area than now. Basal dates indicate that the mounds were 
active until c.100 years ago, suggesting that retreat of monsoon forest from the floodplain margins is 
attributable to the impact of Europeans, feral animals (especially buffaloes) and modem late dry season fire 
regimes.
The effects of buffalo presence in the Kakadu area have been mitigated somewhat by a systematic 
eradication programme initiated by officials of ANPWS. The success of this programme is indicated by the 
fact that waterlily (Nelumbo nucifera and Nymphaea sp.) coverage has increased. These two species have 
been rare until recently. Spike rush (Eleocharis sp.) and wild rice (Oryza sp.) have also begun to 
proliferate (ANPWS 1986:53).
2.11. Fire
Fire was, and still is, used by Aborigines in the Kakadu area to manage land (ANPWS 1986:59). Use of 
fire by Aborigines in savanna areas of northern Australia and its effect on the environment have been 
discussed extensively in the literature (for example, ANPWS 1980, 1986:60; Calaby 1980; Chaloupka and 
Guiliani 1984; Chase and Sutton 1981:1832,1838; Haynes 1978, 1985:205,207; Jones 1969, 1975, 
1980:124; Lewis 1982:61; Russell-Smith 1985a, 1985b:241-42; Russell-Smith and Dunlop 1983:13; Sutton 
1978:48; Thomson 1948-49,1949).
In the Kakadu area, monsoon forest tends to occur in localized patches, both on the floodplains and in the 
scarp areas. In the latter places, this community is restricted to either protected rocky habitats or close to 
springs. It has been suggested that originally, monsoon rainforest was much more widespread in the area, 
and this disjunct distribution is a result of fire-sensitive rainforest species being exposed to Aboriginal 
burning (Clayton-Greene and Beard 1985; Russell-Smith 1985a; Stocker 1971a).
More recent research has shown that, despite its reputation as being fire-sensitive, monsoon forest species 
have different susceptibilities and some, especially the marginal species, do regenerate vegetatively 
following fire. Species that are established as a result of seed dispersal by birds are more common on 
fire-exposed sites (Russell-Smith 1985b:243; Russell-Smith and Dunlop 1983:11). In contrast, closed 
monsoon forests tend to be more fire sensitive although Allonsyncarpia ternata, the sole canopy tree of 
many of these communities, is relatively fire tolerant as long as it is not burnt too frequently.
Monsoon forest also tends to be a colonizer, as is witnessed by its rapid expansion near Cape Don on the 
Cobourg Peninsula, subsequent to the cessation of regular burning there. It reproduces itself most 
efficiently in well-watered areas, such as floodplain margins. Their continued existence in such fire 
vulnerable areas is attributed to this factor, and to the fire-resistant fuel characteristics of surrounding 
vegetation. Disjunct distribution in rocky areas of the escarpment is thought to be due to difficulties of
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regeneration in such dry habitats, making fire a critical factor (Russell-Smith 1984:31-32; Russell-Smith 
and Dunlop 1983:11-12,15).
Monsoon forest found in lowland habitats consist almost entirely of opportunistic species able to disperse 
onto and occupy a wide range of landforms. If Aboriginal fire regimes had led to widespread reduction of 
monsoon forest cover, it is expected that scrub-fowl mounds would be found more commonly in open 
woodlands. As this is not the case and there is evidence for expansion of monsoon forest through the 
Holocene, it is unlikely that climatic and geomorphological change would have had much effect on the 
distribution and dispersal of monsoon forests. Thus, except for localized areas like floodplain margins 
suffering from feral animal impact, these communities were probably not more extensive in lowland 
habitats during the late Holocene than they are today (Russell-Smith 1984:31, 1985b:243).
In recent times, the spread of exotic weed species and abandonment of traditional fire regimes (see 
Chapter 7), have led to extensive late dry season fires which devastate the landscape (ANPWS 1986:60; 
Russell-Smith 1985b:242). Since ANPWS took over management of Kakadu, they have experimented with 
different fire regimes and encouraged the resumption of traditional burning practices. This approach has 
reduced the extent and severity of late dry season fires (ANPWS 1986:61-63).
Chapter 3
Wetland Stone Artefacts
3 .1 . Introduction
Before proceeding with detailed si te  information, i t  is necessary to 
provide some background about stone materials and artefact types, which 
were common to all sites and which characterize the floodplain assemblages. 
Some of this information was presented in the preliminary report (Meehan et 
al. 1985:138-147).
Here, raw material refers to stone types, except where specified. The 
term tool refers to those items of the stone collection which have been 
modified and/or used. Waste refers to the products of stone tool 
manufacture, modification or use which have not been further modified or 
used. Artefact is a general term referring to the items of the stone 
collection as a whole, both tools and waste. Each artefact type is 
described to enable discussion of the assemblage at each si te and 
comparisons to be made between si tes .  Qualitative and quantitative 
descriptions of artefact dimensions are given.
Generally i t  is intended to separate the prehistoric archaeological 
database from that of the historic contact phase in this thesis and, 
in i t ia l ly  to deal with the archaeological material on i ts  own terms. 
However, in this section, i t  is more convenient to include specific 
ethnographic data about tool functions and Aboriginal typological 
categories, where they are relevant. There is excellent information about 
the function of some tool types and i t  is important to include this at an 
early stage of the classification. During field work i t  became apparent 
that several elderly Aborigines retained a good knowledge of some of the 
traditional weapons and implements employed in the exploitation of wetland 
resources (including those from the sites which were recorded). This 
information was integrated accordingly into init ia l  research design of the 
Kakadu Archaeological Consultancy (see Chapter 1) and subsequently used to 
aid the classification of stone artefacts.
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More general ques t ions  r e l a t i n g  to  the  archaeologica l  and h i s t o r i c  da ta  
bases will  be addressed in the  concluding chap te r .  However, i t  must be 
s t r e s s e d  t h a t  a l l  the  tool c a te g o r i e s  can be defined in terms of 
morphological and m etr ica l  c h a r a c t e r i s t i c s  a lone.  The typologica l  
c a te g o r i e s  p resen ted  here  have a general usage w i th in  the  broad 
archaeologica l  l i t e r a t u r e  on nor thern  A u s t r a l i a .  Archaeological and 
e thnographic  d a ta  i s  presented  s e p a ra te ly  in each s ec t io n ,  in order  to  
d i s t i n g u i s h  the  two bodies of d a ta .  The archaeologica l  s i t e s  and o ther  
l o c a l i t i e s  menthoned in th e  t e x t  can be located  on Figures  1:2 ,  1:4, 4:2,  
1 :5 and 7:1 .
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3.2. Laboratory Methodology
To maintain consistency, the same laboratory methods were followed as were used in the preliminary 
analysis of stone tools, presented in Johnson and Jones (1985:35) and Meehan et al. (1985:138).
Stone artefacts were separated initially into raw material categories and divided according to size (0-4cm2 
and >4cm2), counted and weighed. This information was recorded on an Unindividualized Recording 
Form. Any artefacts of special interest (for example, formal tool types) were weighed, and length, breadth 
and thickness measurements recorded. They were assigned an individual number and information about 
them was recorded on an Individualized Recording Form (Figure 3:1).
In analyzing linear parameters, mean and standard deviation were calculated, assuming that these 
variables were normally distributed. This is probably not precisely true, but the statistical tests which are 
used are so ’robust’ that, for this purpose, it is an adequate description of distribution of variables (cf. Jones 
1971:337-38). The standard t-test has been used to compare samples (t=diffcrence of mcans/standard error 
of difference, Moroncy 1951:232-33), probability values being taken from standard tables. As weight is a 
function of volume and of specific gravity, and is thus the product of three linear measurements, only the 
average weight of objects has been calculated, and is presented with an indication of range.
3.3. Unretouched Artefacts
The range of raw materials on the wetland sites included; chert, quartzite, crystal and polycrystalline 
quartz, igneous rock, sandstone, haematite and other iron ore ochres (Table 5:1).
3.3.1. Cores
The number of cores was low compared with flakes and other pieces, forming approximately 1% of the 
assemblages overall (Table 3:1). The majority of these (75%) were bipolar cores of which quartz (54%) 
was the most common raw material, followed by chert (31%). The average weight of bipolar cores was; 
quartz 8.1g (N=70, range l.l-39.7g); chert 12.6g (N=40, range 0.8-35.4g) (Table 3:2). Of the non-bipolar 
cores, 39% were made from quartz, followed by chert (37%) and quartzite. The average weight of 
non-bipolar cores was; quartz 114.9g (N=15, range 6.0-536.4g); chert 20.5g (N=14, range 1.4-86.5g); 
quartzite 357.2g (N=5, range 17.3-1278.8g) (Table 3:3).
3.3.2. Waste Flakes
The majority of the assemblages (93%) were made up of unrctouchcd flakes, including a proportion of 
bipolar flakes (5%) (Table 3:1). For waste flakes, quartz was the most common raw material, followed by 
quartzite and chert (Table 3:4). Average weights (Table 3:5) for waste flakes, within the three main raw 
material categories were:
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Site Quartz  Quartz  Quartz i te  Chert Igneous Other Total
______________________________ Crystal_________________________________________________
Kina Surface 0 0 1 2 0 0 3
Amakada 3 0 0 0 0 0 3
Kum unkuw i 4 1 0 0 0 0 5
K un ku n d u rn ku 0 0 1 2 1 0 4
Mamutjirra 4 0 0 7 0 0 1 1
M ound 1 1 0 0 0 0 0 1
M ound 2 0 0 1 0 0 0 1
Mularnani 2 0 2 2 0 2 8
Kina Excavation 1 0 0 1 0 0 2
Total 1 5 1 5 1 4 1 2 38
% 39 3 1 3 37 3 5 1 00
Average
Weight 114 .9 7.9 35 7 . 2 20.5 606.6 15.8
(g)
Table 3.3 Cores: Raw Materials (numbers) and Average Weights (g)
S i t e Q u a r t z Q u a r t z
Cr ys t a l
Q u a r t z i t e C h e r t T o t a l
Kina Surface 4 0 0 2 6
Amakada 23 3 1 0 27
Kumunkuwi 9 1 0 0 10
Kunkundurnku 4 0 1 5 10
Mamutprra 18 4 1 9 32
Mound 1 3 1 0 1 5
Mound 2 2 1 0 0 3
Mularnani 5 0 6 22 33
Kina Excavation 2 0 0 1 3
Total 7 0 1 0 9 4 0 1 2 9
%
Average
5 4 8 7 3 1 1 0 0
Weight
(g)
8 . 1 8 . 4 3 8 . 3 1 2 . 6
Table 3.2 Bipolar Cores: Raw Materials (numbers) and Average Weights (g).
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1. Quartz 0-4sq.cm; 1.3g (N=8296, range 0.7-1.8g).
2. Quartz >4sq.cm; 29.6g (N=1240, range 5.3-37.7g).
3. Quartzite 0-4sq.cm; 2 .lg (N=1240, range 1.2-2.4g).
4. Quartzite >4sq.cm; 31.0g (N=402, range 8.5g-54.3g).
5. Chert 0-4sq.cm; 0.9g (N=1437, range 0.3-2.4g).
6. Chert >4sq.cm; 10.4g (N=274, range 3.4-27.7g).
3.4. Retouched Artefacts
From the eight wetland sites in this study, including the Kina excavation, approximately 1000 formally 
defined tools were identified from a total collection of some 16,000 items (6% of the total assemblage) 
(Table 3:1). The whole collection has been examined. The tools have been classified according to the 
definitions in the preliminary report (Jones and Johnson 1985a: 194-219, 1985b:58-60; Meehan et al. 
1985:138-47). Flaked stone tool categories included unifacial and bifacial points, adze/chisel slugs, edge 
rejuvenation flakes, and trigonal blade points (’leiliras’), polished flakes and a general class of retouched 
pieces consisting of both formal scraper edges and utilized flakes. These tools belong to that class of 
implements defined as the Australian Small Tool Tradition, and they are not older than c. 6000 years BP 
(Gould 1969:235; Bowler et al. 1970; Kamminga 1985:20-21). In Kakadu, introduction of unifacial and 
bifacial points has been dated to at least 5500 years BP and adze/chiscls to 3500 years BP (Jones and 
Johnson 1985a:296). Ground stone tools included flat grinding slabs, cobbles used as pestles and/or 
pounders and haematite v/ith ground facets. Ground edge hatchets and hatchet fragments, mortar dishes, 
hatchets, mortar hollows, grinding slabs and ground haematite date back to the Pleistocene in the Kakadu 
area (Jones and Johnson 1985a:217-19; Kamminga and Allen 1973:48-49; Schrire 1982:240-41).
3.4.1. Unifacial and Bifacial Points
Unifacially and bifacially retouched points formed 4% of the total stone tool assemblage at the wetland 
sites (5% at the Kina excavation) (Table 4:4). This tool category included broken tips and butts, as well as 
whole pieces.
Australian unifacial points have been subdivided into two major categories by Kamminga (1978:328); 
’pirri’ points and trigonal points (’leiliras’), which in northern Australia can be difficult to distinguish. 
Flood (1970:47) arbitrarily separated the two by defining unifacial points less than six centimetres in length 
as pirris and trigonal points, as those measuring from 8-20cm long. This definition is not used as most of 
this tool form were found broken in the wetlands collection. Here, ’unifacial point’ refers to the smaller 
version of this tool. The term pirri is not used. Trigonal points, referred to here as ’leiliras’, are described 
in the following section. Kamminga (1978:334) divided bifacial points into two groups; ’Kimberley 
points’, distinguished by serrated or dentated edges; and ’bifacial points’, often more irregular in shape, 
plain or unserrated. Kimberley points do not occur in the Kakadu region. Thus here, bifacial point refers 
to the latter category.
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Site Quartz Quartzite Chert
0-4cm >4cm 0-4cm >4cm 0-4cm >4cm
Kina S u r fa c e
% 95 5 83 17 99 1
Wt (g) 941.1 867.1 319.6 1182.4 110.7 25.5
Av. w t 
T o t . n o s
0.7 13.1
1442
1.3 23.7
290
0.3 12.8
332
A m a k a d a
% 81 19 84 16 80 20
Wt (g) 1570.9 7315.6 70.7 179.7 7.0 20.2
Av. w t 
T o t . n o s
0.7 29.0
1299
1.2 16.3
70
0.6 3.4
15
K u m u n k u w i
% 81 19 89 11 78 22
Wt (g) 2408.5 10601.4 1619.4 4452.5 17.2 21.8
Av. w t 
T o t . n o s
1.8 33.4
1637
2.4 54.3
755
1.2 5.5
18
K u n k u n d u r n k u
% 88 12 86 14 85 15
Wt (g) 2188.8 4781.3 306.0 482.7 45.6 56.2
Av. w t 
T o t . n o s
1.3 21.6
1866
1.7 16.6
213
1.0 6.9
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M a m u t j i r ra
% 83 17 62 38 85 15
Wt (g) 1652.3 9375.3 211.7 1463.6 123.4 194.9
Av. w t 
T o t . n o s
1.4 37.7
1458
2.2 24.8
156
1.0 8.5
151
Table 3.5 Size Distribution and Average Weight of Waste Flakes by Raw 
Materials.
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Site Quartz Quartzite Chert
_____________ 0-4cm >4cm_____ Q-4cm >4cm_____ Q-4cm >4cm
Mound 1
% 88 12
w t  (g) 495.1 9 2 2 .2
Av. wt 1.4 19.2
T o t.n o s 3 9 2
Mound 2
% 89 11
Wt (g) 3 5 0 .6 4 0 2 .5
Av. wt 1.2 11.5
T o t.n o s 3 1 7
Mularnani
% 85 15
Wt (g) 7 8 0 .9 2 3 0 6 .7
Av. wt 1.2 19.9
T o t.n o s 7 85
Kina Excavation
% 93 7
Wt (g) 2 4 6 .4 1 31 .8
Av. wt 0.8 5 .3
T o t.n o s 3 4 0
All sites
% 8 7 13
Wt (g) ■l 0 6 3 4 .6 3 6 7 0 3 .9
Av. wt 1.3 2 9 .6
T o t.n o s 9 5 3 6
68 3 2 80 20
29 .2 1 2 3 .0 33.1 63.4
1.5 13 .7 1.7 12.7
28 25
75 25 70 30
74.1 1 8 1 .5 4 9 .4 123.2
1.8 13 .0 2 .4 13.7
5 6 30
60 40 78 22
243 .9 4 3 4 5 .5 8 7 3 .8 232 2 .5
1.6 4 2 .6 1.2 11.3
258 9 50
93 7 99 1
103.1 5 0 .8 6 8 .3 27.7
1.4 8 .5 0.5 27.7
82 135
78 22 84 16
2 9 7 7 .7 1 2 4 6 1 .7 1 328 .5 2 855 .4
2.1 3 1 .0 0.9 10.4
1826 1711
Table 3.5 continued... Size Distribution and Average Weight of Waste 
Flakes by Raw Materials.
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Both bifacial and unifacial points are a common feature of the upper levels of excavations in northern 
Australia, for example, the Ord River Valley (Dortch 1977), Yarar Shelter (Flood 1966), Humpty Doo 
(White 1968), Scotch Creek (Smith 1981), Willeroo and Delamere (Davidson 1935), Tandandjal Cave 
(Macintosh 1951; McCarthy 1950) and Ingaladdi (Mulvaney 1975:234). They have been found extensively 
in excavations in the Kakadu region itself (Barton 1979; Jones and Johnsons 1985a, 1985b; Kamminga and 
Allen 1973; McCarthy and Setzler 1960; Mulvaney 1975:234; Schrire 1982) (Tablel:2).
As a tool type, these bifacial and unifacial points were remarkably homogeneous in the recent sites of the 
entire Alligator Rivers region. Those from the wetland sites were made from flakes and in plan view were 
usually leaf shaped with curved or square bases (Figure 3:2, 3:3). In shape, they corresponded exactly with 
this type of artefact systematically described from the East Alligator plateau valley sites, Jimeri I and Jimeri 
II, by Schrire (1982:157-69, 200-205). Flaking was invasive and probably produced using both percussion 
and pressure flaking techniques. In many cases, butts had been thinned, removing the original flake 
platform. Some were beautifully crafted with flat faces and delicately retouched sharp curved edges.
On the wedand sites, as was also the case in the rocksheiter sites, most points were recovered in a broken 
form; 18 (47%) consisted of butts, 10 (26%) consisted of tips, and three (8%) consisted of shafts. Only 
seven (18%) were whole (Table 3:6). Of the latter, their dimensions were; mean length (37.1±13.4mm); 
mean breadth (19.1±5.8mm), with a mean thickness of 9.1±4.4 and an average weight of 8.6g (range 1.8g 
to 34.9g). Inspection of Table 3:7 shows that in terms of length and breadth, these were indistinguishable 
from the samples of points from Nauwalabila I (Jones and Johnson 1985a: 199) and Jimeri I (Schrire 
1982:160). In the latter case, Schrire did not express her data in the form of means and standard deviations, 
but presented them in raw form as dots on a graph. An approximate mean (40mm, range 25-76mm) has 
been extrapolated from this information (Jones and Johnson 1985a: 199).
At the wetland sites, about half the points were made from chert and a quarter each from quartzite and 
quartz (Table 3:8). At Nauwalabila I, most points were manufactured from quartzite, with only one or two 
from chert (Jones and Johnson 1985a: 199). In contrast to this, at Jimeri I, 63% were made from quartzite, 
with 26% from quartz and 11% from chert (Schrire 1982:157), while at Jimeri II, 84% were from quartzite, 
6% from quartz and 10% from chert (Schrire 1982:199).
Elsewhere in northern Australia, quartzite was the dominant raw material for manufacture of both 
unifacial and bifacial points at Tandandjal (Macintosh 1951:198; McCarthy 1951:208-209), as it was at 
Yarar Shelter (Rood 1970:27). At Willeroo and Delamere, points were made from quartzite, chert and 
chalcedony (Davidson 1935:160). It is clear that these tools were manufactured from material which was 
most available and that there was no technical difference in shape or size between individual artefacts made 
from any of these materials.
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Lei l i r a  Blade
Bifacial point
Figure 3:2 South Alligator Wetland Sites
Adze/chisel slug
Bipolar core
Flaked Artefacts
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S i t e T y p e W h o l e T ip 8 utt S h a f t T o ta l
Kina Surface Bifacial 0 1 3 0 4
Unifacial 0 2 1 0 3
Amakada Bifacial 1 0 0 1 2
Unifacial 1 0 0 0 1
Kumunkuwi Bifacial 0 0 1 0 1
Unifacial 0 0 1 0 1
Kunkundurnku Bifacial 2 0 4 0 6
Unifacial 0 1 1 0 2
Mamutjirra Bifacial 1 0 5 1 7
Unifacial 1 0 0 0 1
Mounds Bifacial 1 0 1 0 2
Unifacial 0 1 0 0 1
Mularnani Bifacial 0 2 1 1 4
Unifacial 0 0 0 0 0
Kina Excavation Bifacial 0 2 0 0 2
Unifacial 0 1 0 0 1
Total Bifacial 5 5 15 3 28 (74%)
Unifacial 2 6 2 0 10 (26%)
Total 7 1 0 1 8 3 3 8
% 1 8 2 6 4 7 8 1 0 0
Point Tip to Butt Ratio
Bifacial 25:75
Unifacial 75:25
Table 3.6 Distribution of Unifacial and Bifacial Point Fragments 
(num bers).
S ite Quartz Quartz Crystal Q uartz ite Chert Total
Kina Surface 1 0 2 4 7
Amakada 1 0 1 1 3
Kumunkuwi 0 0 1 1 2
Kunkundurnku 0 0 2 6 8
Mamutjirra 1 3 0 4 8
Mound 1 0 0 0 0 0
Mound 2 0 0 3 0 3
Mularnani 2 0 1 1 4
Kina Excavation 2 0 0 1 3
Total 7 3 1 0 1 8 38
% 1 9 8 26 47 1 00
Table 3.8 Unifacial and Bifacial Points: Raw Materials (numbers).
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S IT E S
OTHER
W ETLAND TOTAL
TOOLS_______________ M U LARNANI S ITES____________ W ETLANDS
U se-po lish M S D M S D M S D
Length 37.9 ±8.3 27.4 ±7.5 31.7 ±9.4
Breadth 24.7 ±5.1 19.9 ±5.8 21.6 ±6.6
Thickness 9.7 ±3.6 6.9 ±2.3 8.0 ±3.2
Average Weight (g) 9.1 4.5 6.4
Number 18 26 44
S IT E S
TO OLS W ETLAN D S ANBANGBANG YIBIOG__________NAUW ALABILA I DJUWARR I N G ILIP ITJI
T rig on a l
B lades
M S D M S D M SO M S D M SO M S D
Length 77.1 ±15.3 90 ±19
Breadth 33.0 ±8.4 32.3 ±8.1 32.5 ±8.6 35.9 ±5.4 34.7 ±6.8 40 ±6
Average Weight (g) 39.1 62
Number 25 11 11 11 27 1 3
S ITE S
TOOLS_______________ W ETLAN D S
R etouched
P ieces
M S D
Length 36.6 ±16.6
Breadth 25.1 ±13.1
Thickness 11.2 ±6.9
Average Weight (g) 20.7
Number 73
TOOLS
S ITE S
W ETLAN D S
U tilized
F lakes
M S D
Length 32.6 ±10.7
Breadth 21.8 ±6.9
Thickness 8.3 ±2.7
Average Weight (g) 7.0
Number 29
S IT E S
TOOLS_______________ W E TLA N D S  northern  plains  shelters
H atchets M S D M S D
Length 92.0 ±17.5 105.7 ±12.0
Breadth 76.9 ±14.2 83.1 ±8.3
Thickness 31.9 ±8.6 36.3 ±6.2
Average Weight (g) 498.7
Number 15 13
S ITE S
T O O L S W E T L A N D S N A U W A L A B I L A J I M E R I  1
U n i f a c i a l  
a n d  B i f a c i a l  
P o i n t s
M S  D M S D M S D
Length 37.1 ±13.4 36.7 ±7.7 40 ±12
(approximately)
Breadth 19.9 ±5.8 22.4 ±34
(N =25)
Thickness 9.1 ± 4 . 4
Averaoe Weiaht (a) 8.6
Number 7 1 4 52
S ITE S
OTHER
W ETLAND TOTAL
TOOLS M ULARNANI S ITE S W ETLANDS NAUW ALABILA 1 JIMERI I
C h ise l S D M S D M S D M S D M SO
S luqs
Lengtn 51 .4 ±14.6 29.1 +6.9 31.7 ±11.1 2 2 .1 ±6.8 30 ±6
(approximate)
Breadtn 24 4 ±4 3 17.6 ±7.2 18.5 ±73
Thickness 1 1 ±19 7 3  ±2.3 7 8 ±26
Averaqe Weiqnt (q) 15.3 3.9 6.1 2.5
Number 6 42 48 37 96
Table 3.7 Mean and Standard Deviation of Tool Length, Breadth and Thickness (mm).
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Seventy four percent of wetland points were bifacially flaked and 26% were unifacially flaked (Table 
3:6). At Jimcri I, Jimcri II and Ngarradj Wardc Jobkeng, bifacial forms also predominated, whereas at 
Yarar Shelter, Willeroo, Ingaladdi and Tandandjal Cave, unifacial points were more numerous than the 
bifacial variety (Schrirc 1982:246-47). Schrirc (1982:246) concluded that the dichotomy between bifacial 
and unifacial forms was the result of the raw material employed for manufacture, that is, quartzite points 
were usually bifacially worked, while quartz forms were retouched unifacially. At the wetland sites, 
quartzite bifacial points dominated unifacial ones in a ratio of 2.3:1, but equally quartz bifacial points 
dominated unifacial forms at the rate of 2.5:1 (Table 3:9). So the correlation does not necessarily exist, 
though the sample for the wetlands (38 items) may be too small to show real trends.
As the wetland sites have no depth of deposit, an attempt was made to see if change through time, in 
terms of the predominance of unifacial or bifacial points, could be identified by comparing the wedand 
points with those from prehistoric stratified deposits in northern Australia. However, no clear trends were 
discernible. At Jimcri I, unifacial points increased in numbers from lower to upper levels, but decreased in 
numbers at Ngarradj Wardc Jobkeng (Schrirc 1982:247). At Yarar Shelter, the proportion of bifacial to 
unifacial points was considerably greater in middle levels (45Q±100 years BP) than in levels above or 
below. The lowest level was dated to 1620±100 years BP. In excavations at Willeroo and Delamere, 
bifacial points occurred only in the lowest levels (Davidson 1935:161).
Ethnographic evidence (see below) suggested that points served as both woodworking and engraving 
tools. Kamminga (1978:331) examined for usewear a number of broken and whole unifacial points from 
sites in both northern and southern Australia, including 67 from Sleisbeck and 136 from Schrire’s sites near 
the East Alligator River. He also examined 69 bifacial points from the same area. Out of a total sample of 
330 unifacial points, he found evidence of probable wood engraving use on only one specimen, and 
engraving or drilling usewear on six points. Kamminga (1978:330) concluded that woodworking was not 
the primary function of these points, which is not surprizing given that their shape is unsuitable for the task. 
Furthermore, working wood requires periodic rejuvenation of edges, which would reduce the tools to slugs. 
There is no archaeological evidence for edge rejuvenation on the specimens. Kamminga suggested, largely 
from negative evidence and the fact that six bifacial points from Sleisbeck had sustained tip damage, that 
unifacial and bifacial points were mainly used as projectile points and were very occasionally reused as 
engravers and drills. Experiment has shown that small unifacial points perform well as spear points 
(Kamminga 1978:333).
Both Schrirc (1982:246) and Jones and Johnson (1985a:200) have discussed how various point fragments 
might find their way onto a site. A point may be broken during manufacture and subsequently discarded, 
though in this case some other evidence could be expected, such as the unfinished nature of retouch. If 
points were hafted as spear tips, they stood a good chance of breaking when shattered against rocks etc, in
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which case the shaft and butt may have been returned to camp for refitting, the butt removed from the 
hafting gum and discarded or reworked to make a smaller point. Broken tips may have been brought onto a 
site within carcasses of hunted animals.
At the wetland sites, the tip/bult ratio was 1:1.8, which compares with a range from 1:1 to 1:1.7 at Jimeri 
I; 1:1.1 to 1:1.6 at Jimeri II; 1:1 to 1:1.2 at Ngarradj Warde Jobkeng; and 1:1.1 at Yarar Shelter (Schrire 
1982:246). Kamminga (1978:333,338) suggested that samples from Jimeri I and Jimeri II may have been 
the result of damage sustained through manufacture. This would also apply to Ngarradj Warde Jobkeng 
and Yarar Shelter. However, at other sites away from manufacturing centres (for example, Paribari and 
Malangangarr), tip/butt ratios were higher, as at the wetland sites (Table 3:10). This suggests breakage 
through use and subsequent transportion back to base camp for refurbishment Of the 10 broken tips from 
the wetland sites, their mean length was 26.6±11.7mm, which was significantly longer than broken tips 
from Jimeri I, most of which measured some 15-25mm in length (Schrire 1982:161), or those from 
Nauwalabila I which measured 18.5±5.3mm (Jones and Johnson 1985a:200) (Table 3:7).
3.4.I.I. Ethnographic Data
A number of museums hold collections with Kimberley points mounted on spear shafts (Flood 1966:147; 
Mulvaney 1975:221). Despite this, there is no ethnographic evidence from northern Australia to indicate 
that Aborigines used unifacial and bifacial points as spear armatures in the recent past
Aborigines at Ocnpelli said that a small white quartzite bifacial point shown to them by McCarthy and 
Setzler (1960:283) was used for cutting cicatrices across the chest and stomach. At Port Keats, when 
Stanncr showed Aborigines points from the Yarar Shelter excavation, they expressed surprise at the 
crafimanship and attributed manufacture to a mythical being (Rood 1970:48). At Willcroo and Dclamere, 
Wardaman informants classified them as ’adze points’ (Davidson 1935:162). Davidson (1935:161,167) 
remained unconvinced however, and suggested that perhaps the Aborigines were unfamiliar with 
prehistoric function of these tools, as unifacial points were not common in upper levels of the excavations 
and bifacial points were only found at the base.
3.4.2. Trigonal Points or ’Leilira’ Blades
These tools formed 3% of the total collection (none from the Kina excavation) (Table 4:4). They were 
made from long blades, manufactured almost exclusively from quartzite (88%) (Table 3:11, Figure 3:4). 
These arc called trigonal points or ’leilira’ blades. The technology of their manufacture is straightforward 
and they arc best described in simple terms as macro-blades. Macro-blades usually have between two and 
four surfaces, primary blade flake scars running longitudinally along their dorsal surfaces, indicating 
removal from a macrobladc core. A scries of long blade flakes often with a triangular or trapezoid cross 
section were removed from the same platform. The platforms on the blades themselves were usually broad
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Site Quartz Quartz Crystal Quartzite Chert Total
BI Uni Bi Unl BI Uni BI Unl
Kina Suface 0 1 0 0 1 1 3 1 7
Amakada 1 0 0 0 0 1 1 0 3
Kumunkuwi 0 0 0 0 1 0 0 1 2
Kunkundurnku 0 0 0 0 2 0 4 2 8
Mamutjirra 1 0 3 0 0 0 3 1 8
Mound 2 0 0 0 0 2 1 0 0 3
Mularnani 2 0 0 0 1 0 1 0 4
Kina Excavation 1 1 0 0 0 0 1 0 3
Total 5 2 3 0 7 3 1 3 5 38
No 7 3 1 0 1 8
% 1 8 8 26 47
Table 3.9 Unifacial and Bifacial Points (as separate categories) Raw 
Materials (numbers).
Site Levels
Wetlands Surface
Nauwalabila
Jimeri I I
II
III
Jimeri II la
lb
Ngarradj I
Warde lla
Jobkeng lib
Yarar
Shelter
Table 3.10
: Butt Total Numbers
1 .8 2 8
1 .2 31
1.0 8
1 1 .3 81
1 1 .7 9 6
1 1.1 61
1 1 .6 6 4
1 1.0 1 8
1 1 .2 1 1 8
1 1.0 1 0 6
1 1.1 2 8 7 7
Unifacial and Bifacial Points TiprButt Ratios for South 
Alligator Wetland and Regional Rocksheiter Sites (After 
Jones 1985:199, Schrire 1982:246).
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willi a prominent bulb. Not uncommonly, such macro-blades arc marginally retouched to facilitate hafling 
or to provide a suitably shaped blade. These macro-blades arc sometimes shaped into rectangular blades by 
retouch. They form a discrete morphological group and are unquestionably a discrete tool type.
Shape and retouch indicate that these blades were used for a variety of functions. Some were elongated 
with either a naturally sharp point, or with lateral retouch to form such a point. Sometimes this lateral 
retouch extended along most of both margins, and was invasive onto the dorsal surface to form quite 
steep-angled lateral edges. From inspection of surface collections from the Kakadu area (Djuwarr I, 
Nauwalabila I, Anbangbang I, and the South Alligator wetland sites), it seems that there was a gradation of 
form. In some cases, the same implement was broken as a relatively unretouched point, and then retouched 
to form a stouter, shorter knife-like rectilinear scraper. However, many specimens from Kakadu showed no 
signs of retouch. This was also the case at Tandandjal Cave (McCarthy 1951:211), Willeroo and Delamere 
(Davidson 1935:167).
Although the precise function of this tool type has not yet been determined, usewcar and residue studies 
of several specimens from the wetland sites have confirmed multiple use of this tool type Traces of 
collagen shavings and blood, blood with crushing and rounding of the tool edge, large chunks of collagen 
associated with striations and highly polished edges with striations have been identified (T. Loy pers. 
comm.). If the residues are use related, they could either indicate specific cutting activities or general 
projectile function and incidental contact situations. Resin was found on one wetlands specimen, indicating 
hafting (R. Fullagar pers. comm.), and another specimen in the Australian Museum, Sydney, has hafting 
resin distributed across its butt end (J. Kamminga pers. comm.).
Similar blades are depicted in the rock art of the Kakadu region as being hafted and used as spear points 
(Chaloupka et al. 1985:48) and fighting picks (G. Chaloupka pers. comm.), though Kamminga (1978:5) 
and Lewis (1988:20-23) concluded that the fighting pick was absent from western Arnhem Land.
Within the wetland collections, almost all trigonal blades consisted of broken shaft segments. 
Accordingly, no meaningful statements can be made about their original lengths. However, their mean 
breadth measured 33.0±8.4mm which was not significantly different from the breadth of leiliras at 
Anbangbang I (32.3±8.1mm), Yiboiog (32.5±8.6mm), Nauwalabila I (35.9±5.4mm) or Djuwarr I 
(34.7±6.8mm). These results indicate a high degree of regional conformity in design (Tables 3:7, 3:12).
Trigonal blades arc commonly found broken in an archaeological context. Davidson (1935:168) reported 
from Willeroo and Delamere that the surface assemblages contained many broken blades. He concluded 
that it was easier to make new blades than to refurbish old ones. The fractures were usually horizontal 
across the head. Experiment has shown that transverse snapping of a point is the most usual kind of 
damage incurred by projectiles through use, occurring where the point projects from the haft (Kamminga
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S ite  Quartz Quartz Crystal Quartzite_____ Chert Total
Kina Surface 0 0 1 0 1
Amakada 0 0 10 0 10
Kumunkuwi 0 0 3 2 5
Kunkundurnku 0 0 2 1 3
Mamutjirra 0 0 1 0 1
Mound 1 0 0 1 0 1
Mound 2 0 0 2 0 2
Mularnani 0 0 2 0 2
Kina Excavation 0 0 0 0 0
Total 0 0 22 3 25
% - - 88 1 2 100
Table 3.11 Trigonal Blades: Raw Materials (numbers).
S ite M ean S .D . N Student's t D.F. S ignificance
Wetlands 33.0 8.4 25
Anbangbang I 32.3 8.1 11 0.1 34 no s ig n ifica n t d iffe re n ce
Yiboiog 32.5 8.6 11 0.2 34 no s ig n ifica n t d iffe re n ce
Nauwalabila I 35.9 5.4 1 1 1.0 34 no s ig n ifica n t d iffe re n ce
Djuwarr I 34.7 6.8 27 0.7 50 no s ig n ific a n t d iffe re n ce
Table 3.12 Comparison of Trigonal Point (Leilira Blade) Breadth Between Wetland
and Regional Rocksheiter Sites Based on Student's t-test.
S ite M ean S .D . N Student's t D.F. S ignificance
Wetlands 33.0 8.4 25
Ngilipitji 40.0 6.0 13 2.6 36 no s ig n ifica n t d iffe re n ce
Table 3.13 Comparison of Trigonal Point (Leilira Blade) Breadth Between Wetland 
Sites and Ngilipitji Quarry.
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Figure 3:4 South Alligator Wetland Sites Trigonal Points or 'Leilira' 
Blades
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tool type, similar in form to a trigonal blade, has been dated to younger than 1000 years BP (Dortch 
1977:109,117). At Kenniff Cave in northern Queensland, Mulvaney and Joyce (1965:191,192) estimated 
an antiquity of less than 600 years for the ’juan knife’, also similar to the trigonal blade (McCarthy 
1967:32). They were found on the surface and within the top 18cm of deposit, above unifacial and bifacial 
points (Mulvaney and Joyce 1965:172 Table 3 facing, 190-92).
3.4.2.I. Ethnographic Data
There is a considerable amount of contemporary information from elderly Aborigines about use and 
manufacture of these blades, and also some detailed information in the historic literature, as far back as 
King’s voyage in the 1820s, which resulted in the European discovery and naming of the Alligator Rivers 
in 1818:
Mr Bcdwell discovered a spear which was altogether different from any that we had before seen; it was 
headed with a sharp pointed splinter of quartz, about four inches long, and an inch and a half broad; the shaft 
was of the mangrove-tree, seven feet eight inches long, and appeared, from a small hole at the end, to have 
been propelled by a throwing-stick; the stone head was fastened on by a ligature of plaited grass, covered by 
a mass of gum: it was the most formidable waepon of the sort we had ever yet seen (King 1827:86).
MacGillivray (1852:148) reported similar spears tipped ’with a pointed, sharp-edged, flatly-triangular 
piece of quartz or fine grained basalt’, also from Port Essington.
Lauwuk. is the general term for spear point in western Arnhem Land (Chaloupka et al. 1985:166; Jones 
and Johnson 1985a: 167; McCarthy and Setzler 1960:283; Schrire 1982:41). Its equivalent in eastern 
Arnhem Land is ngambi (Jones and White 1988:71; Thomson 1949:65). There is clear evidence 
cthnographically that these blades were used for a variety of purposes. Throughout northern Australia, long 
pointed blades were mounted as spear points and used by men in duels and for hunting, especially large 
game such as macropods and emus (Davidson 1935:166-68; Jelinek 1979a:308; Jones and White 1988:51; 
Kamminga 1978:5; McCarthy and Setzler 1960:275; Thomson 1949:65, 1983:70) (Figure 3:5). Blades 
were also hafted and used as Fighting picks (Davidson 1935:174,183; Kamminga 1978:5; Spencer and 
Gillen 1904:643) (Figure 3:6) They were often used unretouched for these purposes.
At Oenpelli and elsewhere in northern and central Australia, retouched quartzite blade flakes were used 
unhafted as knives by both men and women to cut materials such as plant tubers and bark, for butchering 
animals and scarification, circumcision and subincision (Davidson 1935:182; Jelinek 1979a:308; 
Kamminga 1978:5; McCarthy 1967:30,32 Figure 14.3-9; McCarthy and Setzler 1960:275; Paton in press; 
Spencer 1928:503,508,510; Thomson 1983:70) (Figure 3:7). Trigonal blades have also been recorded as 
being used for scrapers to make rope and string from bark, drills for making holes in Fire sticks, and for 
scraping bark sheets in preparation for painting. They were hand held for these purposes (Jelinek 
1979a:308; McCarthy 1950:211). When being transported the blades, whether used as spear points, picks 
or knives, arc often protected by a paperbark sheath tied with a string (Spencer and Gillen (1904:650) 
(Figures 3:5, 3:7).
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Trigonal Blades Mounted as Spear Points (The Spencer 
Collection, Courtesy of the Museum of Victoria)
Scale not available
Figure 3:5
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Figure 3:6 Fighting Pick. Collected from Ngilipitji, Eastern Arnhem 
Land (The Donald Thomson Collection Museum of Victoria by 
Courtesy of Mrs D.M. Thomson)
Scale not available
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Figure 3:7 Trigonal Blades Mounted in Gum Handles. Collected from 
Ngilipitji, Eastern Arnhem Land (The Donald Thomson 
Collection, Museum of Victoria by Courtesy of Mrs D.M. 
Thomson)
Scale not available
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Numerous examples of trigonal blades, hafted as spear points, mounted as fighting picks or fitted with 
gum grips, arc held in museums throughout Australia and overseas. Examples from the Alligator Rivers 
region arc held in the Australian Museum, Sydney, and the Spencer Collection in the Museum of Victoria, 
Melbourne (Figures 3:5, 3:7).
There are several descriptions of manufacture of these tools. The best known quarry in Arnhem Land is 
Ngilpitji, on the upper Walker River in eastern Arnhem Land. It was visited by Donald Thomson in 1935, 
who gave a general description of blade manufacture at the site and made an extensive collection of tools 
(Jones and White 1988:78; Thomson 1983:70). The quarry was revisited in 1981, when Jones and White 
(1988) were able to make further descriptions of blade manufacture, including cinematagraphic film record 
(McKenzie 1983). Raw material at this site consisted of rounded weathered boulders of quartzite, which 
had to be dug out of the sandy slope. Considerable work was required to break open the boulders to 
establish whether the quartzite was of good flaking quality (Jones and White 1988:59-61).
There was no significant difference between trigonal points collected from the South Alligator wetland 
sites and those collected in 1981 from Ngilpitji, where mean breadth was 40.0±6.0mm (Jones and White 
1988:73) (Tables 3:7, 3:13). Specimens collected by Thomson from the same quarry in the 1930s were 
even bigger, measuring some 80-200mm (Jones and White 1988:79).
At Fish Creek near Oenpelli and on the upper Cadell River, central Arnhem Land, trigonal blades were 
still being made in recent decades. They were used as spear points, knives or wrapped in paperbark for 
trading (Haydon 1975); Jelinek 1979:308; McCarthy and Setzler 1960:275,284). The shape and function of 
trigonal points was identical to the cold hammered and ground iron ’shovel nose’ spear points which 
gradually replaced them as supplies of iron became plentiful due to British pastoral expansion (Chaloupka 
et al. 1985:166; Jones and White 1988:51).
On the basis of his work at Newcastle Waters, Paton (in press) argued that the significance of these tools 
was as exchange items, though Aborigines with whom he worked maintained they were used as well for a 
range of utilitarian activities. The ethnographic evidence concerning other trade goods, such as 
boomerangs and video cassettes, indicated that these artefacts were allowed to deteriorate or were sold to 
tourists, creating an ongoing demand. Paton hypothesized that such a system may explain the presence of 
so many broken blades in the archaeological context. He argued that, once traded, blades were deliberately 
broken and discarded, often without further modification or use, thus destroying their value as trade items. 
This practice would have produced a constant demand for fresh blades in order to maintain the symbolic 
expression of reciprocity between trading partners. It may also explain the presence in many other 
archaeological sites in the northern Australia of unrctouchcd broken trigonal blades, which show no sign of
uscwcar.
3.4.3. Scrapcr/Chisel Slugs
80
These arc end products of flake tools which were used as wood scrapers or chisels, and successively 
retouched back until they became exhausted slugs. They are found in all areas of mainland Australia 
(Kamminga 1978:340). Their small size and extensive usewear suggests that they were used mounted, 
probably on handles or the ends of spearthrowers (Kamminga 1971:84, 1978:344). Direct prehistoric 
evidence of hafting comes from traces of resin on several examples from Laura in northern Queensland 
(Kamminga 1978:342). The specimens at the wetland sites were of the end-struck variety and formed 10% 
of the tool collection (43% at the Kina excavation) (Table 4:4). Along one and sometimes both lateral 
margins, there was heavy retouch associated with tiny stcpflaking. A variety of forms was found, ranging 
from chunky pieces with steeply retouched edges - the chisel at the beginning of its working life; to its final 
form - an elongated narrow rectangular piece, often with both sides retouched so as to form steep edges, 
mostly concave in shape on one or both edges (Meehan et al. 1985:140-43). A representative series of 
adzc/chiscl slugs from the wetland sites is illustrated in Figures 3:2 and 3:8.
Scraper/chisels were hafted by embedding the side of the flake in the resin or gum. Thus, progressive 
flaking of the exposed longitudinal margin resulted in a steep stepped edge at right angles to the original 
flake platform. When that edge became exhausted, the flake was removed and remounted, so that the 
previously embedded lateral margin became the cutting edge. When this edge in turn had become worked 
back by resharpening, and was no longer effective, the entire retouched piece was discarded as a 
distinctively shaped slug (Kamminga 1978:342; McCarthy 1967:28; Mulvancy 1975:82). At this stage, 
only a narrow part of the original platform was left - the central portion of the flake with both lateral 
margins retouched back steeply. In cross section, such tools have a rectangular shape.
There are different names for this type of flake, such as small flake scraper, Hammersley adze, adze flake, 
flat adze, rectangular scraper, burren adze flake or burren slug (Rood 1983:191; Kamminga 1978:340; 
McCarthy 1967:28; Meehan et al. 1985:140; Mulvaney 1975:82,234-5; Rosenfeld et al. 1981). Schrire 
(1982:247) referred to the type as ’scraper adzes’. Her illustrations clearly indicate that these implements 
were the same as those from the wetland sites. Jones and Johnson (1985a:206-208) and Meehan et al. 
(1985:140-43) referred to them as ’adze/chiscl slugs’.
It must be stressed that these slugs were the final discard product and that there are intermediate forms. 
However, in terms of their morphology, adzc/chiscl slugs are distinctive and indicate a standardized 
process of design and use. Because of this, adzc/chisel slugs will be dealt with here at their discard stage as 
a single category. The wetlands sample consisted of 121 slugs, 48 of which had not been broken. Of the 
latter, their dimensions were; length 31.7±11.1mm; breadth 18.5±7.3mm; and thickness 7.8±2.6mm, with 
an average weight of 6. Ig. At one site, Mulamani, adzc/chisels were significantly longer (51.4±14.6mm) 
than at the other sites (Tables 3:7, 3:14). Excluding the Mulamani sample, the remainder measured
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S i t e M e a n S . D . N S t u d e n t 's  t D . F . S i g n i f i c a n c e
Wetlands 29.1 6.9 42
Nauwalabila I 22.1 6.8 3 7 5.4 7 7 Highly Significant
P< 0.001
Jimeri I 30.0 6.0 96 0.6 136 No s ig n ific a n t d iffe re n ce
Table 3.15 Comparison of Chisel Slug Length Between Wetland Sites (Minus
Mularnani) and Regional Rocksheiter Sites Based on Student's t-test.
S i t e M e a n S . D . N S t u d e n t 's  t D . F .  S i g n i f i c a n c e
Kina Surface 28 .8 5.1 6
Kina Excavation 25 .3 7.1 5 0.8 9 no significant difference
Table 3.16 Comparison of Chisel Slug Length Between Kina Surface and Kina 
Excavation Based on Student's t-test.
S i t e M e a n S . D . N S t u d e n t 's  t D . F . S i g n i f i c a n c e
Wetlands 29.1 6.9 42 Highly sig.
Mularnani 5 1 .4 14.6 6 5.71 46 P <  0.001
Table 3.14 Comparison of Chisel Slug Length Between Mularnani and Other Wetland 
Sites Based on Student's t-test.
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29.1±6.9mm. This was not significantly different from the sample at Jimeri I, which had a mean length of 
30.0±6.0mm (Schrirc 1982:174) (Table 3:7). However, adze slugs from Nauwalabila I, with a mean length 
of 22.1±6.8mm were significantly shorter than those in the wetlands sample (Tables 3:7, 3:15). Complete 
adze/chiscl slugs from the Kina excavation had a mean length of 25.3±7.1mm. Tools from the surface 
collection at this site had a mean length of 28.8±5.1mm (N=5), which was not significantly different from 
the excavated sample (Tables 3:7, 3:16). As the Kina mound is c.700 years old, there must have been 
considerable continuity in design requirements over time at this site. The Jimeri I are bracketted to within 
at least the last 3000 years (Schrire 1982:152).
Of the 121 adze/chisel slugs in the surface collection, 107 (80%) were of chert; nine (7%) were made 
from quartzite and five (4%) from quartz (Table 3:17). At Nauwalabila I (92%) (Jones and Johnson 
1985a:206), Ngarradj Wardc Jobkcng (Barton 1979:52) and the Jimeri sites (Schrire 1982:247), the 
majority of these slugs were also made from chert, indicating that this was overwhelmingly the preferred 
raw material for this category of tool even though some were made and used a long distance away from the 
source of chert. Throughout Australia, such tools are made almost exclusively from chert, chalcedony and 
fine silcrete (Kamminga 1978:340-41). These materials arc particularly favoured for woodworking, as they 
provide the necessary strong and sharp cutting edge needed for working wood of medium to high density 
(Kamminga 1978:340; Kamminga and Cotterell in press).
McCarthy and Sctzlcr (1960:275-78) reported no adze implements from Oenpclli though, within their 
scraper category, tools with concave working edges were the dominant form. At Yarar Shelter, Rood 
(1966:29) reported three burren adze flakes, 4.8cm, 3.5cm and 4.3cm in length, which are somewhat longer 
than the Kakadu examples. Although adze forms at Ingaladdi included slightly worn tulas, tula slugs, 
slightly worn amorphous types, other slugs and burren slugs, dimensions of these implements were similar 
to those from the Kakadu area (Sanders 1975:81) (Table 3:7). Dortch (1977:119-20) reported numerous 
adze flakes among tools from upper levels of the excavation at Miriwun, Ord River Valley, but did not 
describe them in any detail.
On the basis of both morphological considerations and usewear/residue studies of specimens from Laura 
and Jimeri II, Kamminga (1978:343-44) eliminated skin scraping and extensive light woodworking 
functions and suggested that the tools could not have been used in heavy duty adzing of wood as the flakes 
were not sufficiently robust nor suitably shaped for the task. He concluded that they were hafted cutting 
tools, probably mounted on handles, used to scrape dense and perhaps medium woods. Presumably the 
wetland types were used for similar functions, as they were similar in form to those from Laura, Jimeri I 
and Jimeri II. Hence they will be referred to here as chisel slugs rather than adze/chiscl slugs.
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Site Quartz Quartz Crystal Quartzite Chert Total
K ina  S u rfa c e 0 0 2 3 2 3 4
A m a k a d a 0 0 2 3 5
K u m u n k u w i 0 0 1 2 3
K u n k u n d u rn k u 0 0 0 10 10
M a m u tjir ra 0 0 1 31 32
M o u n d  1 1 0 1 3 5
M o u n d  2 1 0 0 0 1
M u la rn a n i 1 0 1 6 8
K in a  E x c a v a tio n 2 0 1 20 23
Total 5 0 9 107 1 21
% 4 0 7 8 9 100
Table 3.17 Chisel Slugs: Raw Materials (numbers).
S ite Quartz Quartz Crystal Quartzite Chert Total
K ina  S u rfa c e 0 0 1 40 41
A m a k a d a 1 1 3 5 10
K u m u n k u w i 0 0 0 1 1
K u n k u n d u rn k u 0 0 0 14 14
M a m u tjir ra 0 0 2 49 51
M o u n d  1 0 0 1 0 1
M o u n d  2 0 0 0 0 0
M u la rn a n i 0 0 0 4 4
K ina  E x c a v a tio n 1 0 1 10 12
Total 2 1 8 1 23 134
% 1 1 6 92 1 00
Table 3.18 Edge Rejuvenation Flakes: Raw Materials (numbers).
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3.4.3.1. Ethnographie Data
Ethnographic evidence supports the above conclusions. Although it was not possible to find an 
ethnographic description of such a tool from the Kakadu area, specimens in museums and collected by 
ethnographers, mostly from the Central Desert, were known historically as hafted wood chisels (Kamminga 
1978:341). Sanders (1975:78), in a review of scraper use in central and southern Australia, distinguished 
several different activities employing adzes and chisels; heavy chopping to make wooden tools, with the 
flake hafted to a stick, maintaining and repairing wooden tools, such as clubs, bowls, spear shafts, digging 
sticks etc, final tool shaping and cutting flesh using the tool hafted to a spear thrower. Hayden (1977:183) 
commented, from his ethnoarchaeological investigations in the Western Desert, that tools which were 
hafted were more likely to be the most heavily retouched because of difficulties involved in rehafting.
Hafting stone adzes and chisels to the ends of spear-throwers is not known ethnographically in northern 
Australia (Davidson 1935:160). Davidson (1935:159-60) said that the Wardaman people of Willeroo and 
Dclamcrc used ’pointed adze flakes’ hafted onto a curved handle rather than a spear thrower. These tools 
served as knives and chisels to peel bark, scrape surfaces of wooden weapons, hollow out food trays, and as 
engravers to mark designs on sacred objects and letter sticks. Extensive collections of spear throwers from 
Arnhem Land, mostly made during the present century, do not have hafted adze/chiscl tools (R. Jones 
pcrs.comm.), and my inspection of spear-throwers from the Kakadu area, held in the Australian Museum, 
Sydney and dating from the early part of this century, also do not have mounted adze stones on their 
handles.
The general Australian ethnography indicates that composite adze/chisel tools were used by men (Hayden 
1977:183). In central Australia, there was a rcstiction on women using certain types of stone including 
ones often used for woodworking activities, such as chert and chalcedony. Hayden (1977:185) concluded 
that women in the Western Desert do not seem to have made or used exclusively any type of flaked stone 
tool.
3.4.4. Edge Rejuvenation Flakes
Mostly these tools were small thin flakes with extensive retouch and step flake scars on their dorsal face. 
Their form is consistent with having been struck off the working edge of a tool in order to rejuvenate the 
edge. Many of these tools were made from chert (Table 3:18) and it seems likely that they were the 
product of resharpening steeply retouched small scrapers (Meehan et al. 1985:141-42).
On the wetlands sites, chisel slugs formed 10% and edge rejuvenation flakes 13% of the overall 
assemblage while in the Kina excavation, chisel slugs formed 43% and edge rejuvenation flakes 19% 
(Table 4:4). These figures contrast with the surface assemblage at Nauwalabila I, where chisel slugs 
comprised 18% of tools, while edge rejuvenation flakes formed 4%. In the top 45cm of the Nauwalabila
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excavation, dated to within the last 3000 years BP (Jones and Johnson 1985a; 181), chisel slugs accounted 
for 25% of tools, yet edge rejuvenation flakes formed only 7%. These facts suggest that, chisel edges were 
not being systematically resharpened at Nauwalabila I as they were at the wetland sites.
Edge rejuvenation flakes from the wetland sites cannot be compared with those from other sites in the 
region, as they have not been recognized as a category elsewhere.
3.4.5. Use-polished Flakes
Use-polished flakes constituted 12% of the tool collection (6% at the Kina excavation) (Table 4:4). They 
were often unretouched and showed a glossy silica polish on both sides of one edge, usually more extensive 
on one side. Cutting edges were blunt and wellrounded (Figures 3:2, 3:9). They were mostly made from 
chert (84%); next in importance was quartzite (12%) (Table 3:19). The whole use-polished flakes had a 
mean length of 31.7±9.4mm, breadth of 21.6±6.6mm, thickness of 8.0±3.2mm, and average weight of 6.4g 
(range 0.5g to 21.6g) (Table 3:7). The use-polished flakes were divided into two groups, as those from 
Mulamani (mean length 37.9±8.3mm; breadth 24.7±5.1mm, thickness 9.7±3.6mm) appeared to be larger. 
Dimensions of use-polished flakes from the other sites (length 27.4±7.5mm, breadth 19.915.8mm, 
thickness 6.9±2.3mm) (Table 3:7). Application of the Student’s t-test showed that specimens from 
Mulamani were indeed significantly longer, broader and thicker (Table 3:20).
Up till now in Australia, use-polished flakes of this kind have only been found at sites located within the 
Alligator Rivers region. Most of the collection excavated at Oenpelli was made from quartzite (McCarthy 
and Setzlcr 1960:285). Schrire (1982:70,131-32) found 11 polished flakes in the upper levels of Paribari 
and Nawamoyn. Eight were made from quartzite and three from chert. Kamminga and Allen (1973:12-3) 
recovered use polished flakes from the South Alligator wetland sites. They were made from a variety of 
materials, including chert, chalcedony, quartzite and dolerite. This indicates that the nature of the stone 
type was not particularly important to tool function and tools were made from whatever stone was 
available.
Kamminga (1978;303-308, 1982:93-95) has examined a number of specimens for usewear from these 
excavations and the open sites. He noted uneven distribution of polish on these tools (Kamminga 
1978:303, 1982:94). Traces of resin were found on five polished flakes (Kamminga 1978:95) and one 
specimen was found mounted in a handle (McCarthy and Setzlcr 1960:269) (Figure 3:10). One use- 
polished flake from the collection under examination here also showed traces of resin near the butt end (R. 
Fullagar pers. comm.). Additionally, the small size of the flakes and extent of polish on flake surfaces 
indicated that they were almost certainly hafted (Kamminga 1982:95). As all the use-polished flakes have 
acute angled and fragile working edges, show extensive polish, lack edge damage, and were recovered 
from the upper levels of sites within the vicinity of floodplains, Kamminga (1978:58-60,306, 1982:95) has
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P l a t e  11. Oenpellian culture, Argaluk Hill
X-rav of mounted elouera flake C Mounted and unmounted elouera flakes
Figure 2: iO Use Polished Flake Mounted on a Handle from Oenpelli (after 
McCarthy and Setzler 1960:269)
P l a t e  l i e  S c a l e  : 1 CM = 2 CM
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concluded that the uscwcar is consistent with working a yielding plant material, high in amorphous silica 
content and probably obtained from wetlands (for example, palms, wild rice and bamboo). On the basis of 
fieldwork and tool-use experiments in western Arnhem Land, Ackerman (1986) has postulated that the 
use-polish was caused by stripping the spines of spike rush (Eleocharis sp.) to prepare them for weaving.
3.4.5.1. Ethnographic Data
No ethnographic data regarding the function of use-polished flakes is available from the Alligator River 
regions. McCarthy and Sctzlcr (1960:280) reported that Aborigines of the Oenpelli area did not know the 
function of use-polished flakes, probably because the use of metal tools had replaced that of stone. This 
event occurred quite early in the Alligator Rivers region, with European settlement in the latter half of the 
nineteenth century.
However, there was some evidence which indicated that, in the absence of other suitable materials in 
floodplain areas, dilly bags, baskets, skirts, pubic fringes, tasslcs and mats were manufactured from 
Eleocharis sp., a wetlands species (Bemdt and Bemdt 1970:39; Chaloupka and Guiliani 1984:63; 
Chaloupka et al. 1985:172). At the Arafura Swamp in north-central Arnhem Land, spike rush was used as 
thatch for hides when hunting water birds (Thomson 1983:101).
3.4.6. General Class of Retouched and Utilized Flakes
Because this group formed the largest class of tools at most sites, it was broken down into two sub­
categories for ease of comparison; retouched flakes (24% of tools, 8% at the Kina excavation) and utilized 
flakes (5% of tools, 6% at the Kina excavation) (Table 4:4). The retouched category was divided further, 
according to degree of retouch (that is, bifacial, unifacial, slight or heavy).
A retouched edge has been deliberately modified to straighten it up and make it more robust. Such edges 
could have been used held in the hand under heavy pressure for cutting and scraping wood or other tough 
plant material. In many instances, such artefacts may have been the first stage of a hafted chisel flake, or 
the final discard stage of such a flake, that is, the chisel slug. Dimensions of whole retouched flakes were: 
Mean length (36.6±16.6mm), breadth (25.1±13.1mm), and thickness (11.2±6.9mm) (Table 3:7). Average 
weight was 20.7g (range 0.4-359.4g). As indicated by the standard deviation for length and breadth, the 
size of these flakes was highly variable. Chert (50%) was the most common stone material for retouched 
pieces which suggests a possible woodworking function for these tools (Table 3:21). Most flaking was 
unifacial and slight (44%), followed by bifacial and heavy (27%), unifacial and heavy (18%), and bifacial 
and slight (11%) (Table 3:22). The amount of heavy retouch (45%) indicates that the artefacts were highly 
curated. Schrirc’s (1982:70-71,101,131,133) information for the upper levels of the northern plains sites 
(Paribari, Malangangcrr and Nawamoyn) showed that chert and quartzite were the favoured raw material 
for retouched artefacts.
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Raw Materials
S i t e Q u a r t z Q u a r t z  C ry s t a l Q u a r t z i t e C h e r t G l a s s O t h e r T o t a l
Kina Surface 1 1 2 26 2 2 34
Amakada 14 3 6 9 0 0 32
Kum unkuw i 6 1 5 6 0 0 18
K unku n d u rn ku 4 1 2 25 0 0 32
Mamutjirra 22 4 1 27 0 0 54
M ound 1 6 3 2 2 1 0 14
M ound 2 1 4 0 o- 0 0 5
Mulamani 12 0 4 19 4 0 39
Kina Excavation 2 0 0 3 0 0 5
T o t a l 6 8 1 7 2 2 1 1 7 7 2 2 3 3
% 2 9 7 1 0 5 0 3 1 1 0 0
Table 3.21 Retouched Pieces Raw Materials (numbers).
Type of 
Retouch
Quartz % Q crystal % Q'zite % chert % glass % other % total %
Uni/S 28 41 9 53 8 36 54 46 4 57 103 44
Uni/H
Bi/S
13 19
6 9
3 18 7 32 
4 18
17 15
15 13
1 14 41 18
25 11
Bi/H 21 31 5 29 3 14 31 26 2 29 2 100 64 27
Total 68 17 22 117 7 2 233
Uni/S Unifacial/Slight 
Uni/H Unifacial/Heavy 
Bi/S Bifacial/Slight 
Bi/H Bifacial/Heavy
Table 3:22 Extent of Retouch Raw Material
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Raw Materials
Site Quartz Quartzite Chert Glass Total
Kina Surface 0 0 0 0 0
Amakada 3 5 2 0 10
K um unkuw i 1 0 4 0 5
K u n ku n d u rn ku 1 1 6 0 8
Mamutjirra 0 1 1 0 2
M ound 1 0 • 0 0 0 0
M ound 2 0 1 0 0 1
Mularnani 4 1 9 1 15
Kina Excavation 2 0 2 0 4
T o t a l 1 1 9 2 4 1 4 5
% 2 5 2 0 5 3 2 1 0 0
Table 3.23 Usewear Tools: Raw Materials (numbers).
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Uscwcar has a different degree of edge modification from that of retouched artefacts. It consists of 
serrated edges, barely perceptible to the naked eye, but under low magnification seen to consist of small 
bending flakes removed off a sharp edge. This fine pattern of damage was consistent with the sharp flake 
edge having been used to cut some relatively soft material, such as vegetable fibre, or to cut soft wood with 
relatively low pressure. Usewcar and residue studies arc needed to determine precise function. It is 
probable that there was considerable overlap between retouched flakes and utilized pieces, but they are 
tabulated separately here since they can be distinguished on broad morphological grounds. Mean length of 
whole flakes with usewear was 32.6±10.7mm, breadth 21.8±6.9mm, and thickness 8.3±2.7mm. Average 
weight was 7g (range 0.7-25.5g) (Table 3:7). Chert (53%) was the most common raw material for utilized 
flakes, followed by quartz (25%), quartzite (20%), and glass (2%) (Table 3:23). As chert and quartzite 
were the most common stone materials for utilized flakes at Schrire’s (1982:70,101,133) plains sites, it 
appears that raw material was not related to function, and whatever stone type was close to hand was used.
3.4.6.I. Ethnographic Data
Hayden (1977:182,183) concluded from ethno-archaeolgical studies in the Western Desert, that most 
retouched tools were used for woodworking tasks, while unretouched flakes with naturally sharp edges 
were used for cutting tasks, such as breaking skin, gutting and butchering. Cane (1984:155) recorded 
during an cthno-archaeological study in the Western Desert, that most utilized flakes were assigned a 
woodworking function by Aborigines.
As cither class of tool could have been used by men or women for a variety of tasks, no conclusion can be 
drawn about gender associations of these implements.
3.4.7. Hatchets
Thirty-three hatchet heads were found on the wetland sites, comprising 3% of the stone tool assemblage 
(Table 4:4). Thirteen of these tools were unbroken. All were made from various types of igneous rock, 
and were oval in shape with a domed or lenticular cross section. They were partially rather than fully 
ground, though all had one, and sometimes several, ground edges. These edges were use-flaked. There 
were also two hatchet blanks. These hatchct/i)&nil:s were somewhat larger and heavier, and had already 
been roughly flaked into an oval shape, but lacked ground edges. Their dimensionsS were;
mean length (105.7±12.0mm), breadth (83.1±8.3mm), thickness (36.3±6.2mm), with an average weight of 
498.7g (Table 3:7). They ranged in length from 86.4mm to 127.5mm, in breadth from 72.0mm to 
95.6mm, in thickness from 27.4mm to 51.3mm and in weight from 283g to 653g. Dimensions and 
descriptions of individual heads arc presented in Table 3:24 and examples illustrated in Figures 3:11 to 
3:13.
heads
Hatchcts/from Paribari and the upper level of Nawamoyn (Schrirc 1982:71,133,263) were significantly
9*4
Weight (g) Length (mm) Breadth (mm) Thickness (mm) Raw Material
5 1 5 .7 10 2 .3 7 5 .8 43 .3 fin e -g ra in e d  d io rite
649.1 1 0 7 .8 8 1 .3 51 .3 fin e -g ra in e d  d io rite
3 7 4 .2 100 .6 8 6 .2 36 .7 fin e -g ra in e d  d io rite
6 0 3 .4 11 7 .7 9 0 .5 36 .7 c o a rse -g ra in e d  d io rite
4 3 9 .8 104 .0 82 .0 32.1 co a rse -g ra in e d  d io rite
6 0 6 .8 119 .8 95 .6 33 .3 fin e -g ra in e d  d io rite
6 0 8 .3 1 1 8 .4 9 3 .5 35 .2 fin e -g ra in e d  d io rite
3 7 9 .4 8 6 .4 7 8 .7 33.1 fin e -g ra ine d  d io rite  w ith  
ho rnb lende  c rys ta ls
6 5 2 .5 1 2 7 .5 9 3 .7 42 .0 fin e -g ra in e d  d io rite
3 3 1 .0 92 .9 72 .0 33 .9 co a rse -g ra in e d  d io rite
6 5 0 .0 1 0 8 .8 9 1 .4 38 .2 m e d iu m -g ra in e d  d io rite  
w ith  ves ic les
2 8 2 .8 9 0 .3 8 0 .7 28 .5 fin e -g ra in e d  d io rite
3 8 9 .9 9 7 .3 88 .8 27 .4 fin e -g ra ine d  d io rite  w ith  
ve s ic le s
Table 3.24 D im e n s io n s  and R aw  M a te ria ls  o f W ho le  H a tche t Heads
S i t e M e a n S . D . N Stu dent 's  t D . F . S i g n i f i c a n c e
W e tla n d s Length (mm) 105 .7 12.0 13 2.2 26 Probably sig.
N a w a m o yn Length (mm) 92 .0 17 .5 15 P < 0 .05
W e tla n d s Breadth (mm) 83.1 8.3 13 1.3 26 No s ig . d iffe re n ce
N a w a m o y n Breadth (mm) 76 .9 14.2 15
W e tla n d s Thickness (mm) 31 .9 8.6 13 1.4 26 No s ig . d iffe re n ce
N a w a m o yn Thickness (mm) 36 .3 6.2 15
Table 3.25 Hatchet Head Dimensions
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Figure 3:11 South Alligator Wetland Ground Tools
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Figure 3.12 South Alligator Wetland Ground-Edge Hatchet Heads
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CM
Figure 3:13 South Alligator Wetland Ground-Edge Hatchet Heads
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shorter  those hatchets from the South All igator wetland s i t e s ,  although 
differences between breadth and thickness were not s ignif icant  (Tables 3:7, 
3:25). This re su l t  suggests that  breadth and thickness were important 
design c r i t e r i a  fo r these  hatchet heads. Other a t t r ibu tes  of design between 
items from the wetland and regional rocksheiter types were similar; those 
hatchets from Paribari and Nawamoyn were made from e ither  hornblende schis t  
or porphyritic d o le r i te ,  with one from quartz i te .  They were U-shaped or 
oval, and len t icu la r  or domed in cross-section (Schrire 1982:71,135). 
McCarthy and Setzler  (1960:284) described similar hatchets, recovered from 
excavations at  Oenpelli,  as 1f 1attened-oval biface coroid types' with only 
a few len t icu la r  types represented. Such types are found commonly 
throughout northern Australia (Dahl 1926:14; Davidson 1935:154; McCarthy 
and Setzler 1960:218,286 Warner 1937:496).
The occurrence of hatchet head blanks at the wetland s i te s  demonstrated 
tha t  they were f i r s t  roughly shaped from cobbles by bifacia l  flaking and 
then ground. Schrire (1982:71,263) reported the same method of production 
for  specimens she recovered from Paribari and Nawamoyn,as did Davidson 
(1935:154) for  examples from Willcroo and Delamere.
3 .4 .7 .1 . Ethnographic Data
A similar method of making stone hatchet heads was observed by Spencer 
and Gillen (1904:657-58), Figures 199-200) among the Warramunga in central 
Austral ia.  Edges were ground on a sandstone slab with water. Warner 
(1937:496) reported tha t  hatchet heads from Milingimbi were made from river  
pebbles, with one end flaked to provide a rough surface so that  resin would 
grip. Similar rough flaking could be observed on the specimens from the 
South All igator wetland s i te s  (Figure 3:13).
Spencer (1914:353-55, 1922:844-45) observed three hafted hatchet heads 
(made from d io r i te )  in the Kakadu region during his v i s i t  in 1912. One 
specimen was ground on both sides of the edge, but the other two were only 
s l igh t ly  ground (Figure 3:14). Spencer (1928:844) remarked that  these 
hatchets were extremely rough and crude.
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However, the  q u a l i t y  of th e  archaeologica l  specimens in d ic a te s  t h a t  t h i s  
observat ion  cannot s tand as a g e n e r a l i s a t i o n  I t  i s  l i k e l y  t h a t  the  
manufacture of s tone  h a tch e t s  had l a rg e ly  ceased by the  t ime of Spencer 's  
v i s i t  and t h a t  t h i s  s tone  type had been supplanted by s tee l  ha tche ts  and 
axes a f t e r  co n tac t  (Chaloupka e t  a l . 1985:170).
Oral evidence c o l l e c t e d  in 1981 in d ica ted  t h a t  ha tche ts  were used to  
fash ion  s t i c k s  f o r  f e l l i n g  geese a t  the  South A l l i g a to r  wetland s i t e s  
(Meehan e t  a l .  1985:131).  Elsewhere in northern  A u s t r a l i a ,  stone ha tche ts  
have been v a r io u s ly  repo r ted  as being used to  dismember animal c a rca sse s ,  
cu t  t imber  and to e  notches  in t r e e s  f o r  cl imbing, hollow out canoes,  and 
open logs and branches in  search of ' sugar  b ag ' ,  eggs or animals (Dickson 
1981;Roth 1904:18, Spencer and G i l len  1904:660). McCarthy and S e tz l e r  
(1960:246) repor ted  t h a t  in  the  1940s a t  Milingimbi stone ha tche ts  were 
s t i l l  kept in camp, but p r i n c i p a l l y  f o r  use as hammerstones.
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Figure 3:14 Hatchets Collected by Spencer from Kakadu in 1912
(Spencer Collection, Courtesy of the Museum of Victoria
a f te r  Spencer 1914: Plate 12)
Scale : 1 CM = 5 CM
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W eight
(g )
Length
(mm)
Breadth
(mm)
Thickness
(mm)
Depth of 
Unbroken  
Hollows  
(mm)
Raw Material
391.4 98.7 75.7 46.0 coarse-grained
grano-diorite
1223.6 125.7 86.3 85.6 63.0 across 
5.0 deep
coarse-grained
grano-diorite
1177.0 170.0 150.0 42.0 course-grained
grano-diorite
3655.0 160.0 145.0 120.0 110.0 across 
11.0 deep
quartz
10,085.0 340.0 165.0 130.0 medium-grained
diorite
1665.0 118.0 112.0 66.7 fine-grained
diorite
1485.0 170.0 155.0 140.0 1. 85.0 across
15.0 deep
2. 100.0 across
18.0 deep
coarse-grained
diorite
982.3 156.0 134.0 44.4 1. 62.0 across
7.0 deep
2. 70.0 across
5.0 deep
fine-grained
diorite
Table 3.26 Mortar Dishes - Dimensions and Raw Material.
W eight
(g )
Length
(mm)
Breadth
(mm)
Thickness
(mm)
Raw Material
fine-grained
1073.2 165.0 66.7 51.3 grano-diorite
1088.1 155.0 72.6 65.3 metamorphized shale
469.2 107.2 73.1 35.1 metamorphized shale
Table 3.29 'Cylcons' Dimensions and Raw Materials.
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3.4.8. Mortar Dishes
Mortar dishes comprised 1% of the total assemblage from the wetland sites (Table 4:4). All but two 
specimens were broken. They were often very heavy, weighing up to 3.6kg. The dimensions of these 
specimens arc given in Table 3:26. The mortar dishes were all of dolcrite with the exception of one 
specimen which was made from a large block of polycrystalline quartzite. They displayed one or more 
smoothly ground, deep cup-shaped hollows of varying depth, some 10-15cm in diameter. The large block 
of quartz, and one intact specimen found during the western survey of the river (Meehan et al. 1985:126), 
were roughly square in shape. The other whole specimen had an elongated oval shape (Figures 3:11, 
3:15-3:18).
The depth of the hollows suggests that they were too deep for effective grinding and were most probably 
used for pounding (M. Smith pers. comm.). On several specimens, there was a distinctive orange residue 
inside the hollows. When magnified, this residue was composed of large vegetable fibres (T. Loy pers. 
comm.), which indicated that they were probably used to process some kind of vegetable material. The 
residues are being further investigated.
One kilometre south of Kina at Nurrungurrudjpa, numerous ground hollows similar to those on the mortar 
dishes were found in outcrops of igneous rock (Meehan et al. 1985:133-34) (Figure 3:19). Smith (pers. 
comm.) has observed that at floodplain sites in the Top End grinding hollows on outcrops of rock were 
always located on the side nearest the swamps. He offered several explanations; the hollows were used to 
grind/pound water plants, water was needed for grinding, and/or the people were camped on the side 
nearest to the swamps.
Schrirc (1982:136,215,248) reported several large rocks with smooth depressions of about 10cm diameter 
ground into their surfaces, at the plains sites of Paribari, Malangangerr and Nawamoyn. One was made 
from quartzite. Three similar specimens, one each from Malakanunja II (Kamminga and Allen 1973:49), 
Nawamoyn and Malangangerr (Schrire 1982:108,144) were dated to the Pleistocene. Whatever food 
resource these tools were used to process, it has been around for a long time (Kamminga and Allen 
1973:49; Smith 1985:35, 1988:103). Smith (1985:35, 1988:103) said that these forms are exclusive to the 
Top End of the Northern Territory. They arc widespread on the coastal plains east of Darwin and in 
rocksheltcrs along the Arnhem Land escarpment. Baker (1981:66) has found numerous sites with grinding 
hollows in a survey of the coastal plains near Point Stuart.
McCarthy and Setzler (1960:239) recovered mortar stones with several deep anvil pits, similar in form to 
those from the wetland sites, from excavations at Milingimbi. They were made from quartzite, indurated 
sandstone and dolcrite. •
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Figure 3:15 South Alligator Wetland Sites Whole Mortar Dishes 
Bottom Figure : Scale in 10 CM sections
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Fi gu r e  3-16 Sout h A l l i g a t o r  Wet l and S i t e s ;  
E l onga t e d  Mor t e r  Di sh.
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Figure 3:18 South Alligator Wetland Sites Broken Mortar Dishes with a 
Pebble Pestle/Pounder and Cylcon
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Figure 3:19 Grinding Hollows at. Nurrungurrudjpa, South Alligator River
106
3.4.8.1. Ethnographic Data
In Arnhem Land, the square mortar was used variously to pound wet season fruits, (Duchanania obovaia 
and Persoonia falcaid) (Kamminga and Allen 1973:49; Peterson 1968:567; Thomson 1949:23); crack and 
pound nuts (both cycads and other kinds) (McCarthy and Setzlcr 1960:281, Plates 14B.14C; Peterson 
1968:567; Thomson 1949:22; Warner 1937:497); soften tubrs and corms (for example Eleocharis dulcis, 
Aponogeton elongatus, Eriosema chinense and Papilionaceae) (Meehan et al. 1985:146; Peterson 
1968:597-98; Thomson 1949:22); break open mussel shells, bones and skulls for marrow and brains; pulp 
pieces of cooked animal food in order to crush bones; and pulverize food for old people and babies 
(Peterson 1968:567-68; Warner 1937:497).
Warner (1937:497) reported that a rock with flat opposing faces was chosen as a mortar to grind cycad 
nuts. The grinding process gradually produced a hollow and, once this had happened, such a stone was 
preferred to a new stone. Pestles matched the grinding hollows exactly and, if lost, a new hollow had to be 
started. This fact may explain the presence of several hollows of different dimensions on one mortar dish. 
In places where stone was scarce, (for example Blyth River in north-central Arnhem Land) wooden mortars 
were often used, or stone ones obtained through exchange (Jones in press; Meehan et al. 1985:146).
Men used mortars to prepare resin from the iron wood tree for hafting (McCarthy and Setzler 1960:281, 
Plate 14A), but most activities involving mortars were carried out by women (Peterson 1968:567-68; 
Warner 1937:497-98).
3.4.9. Grinding Slabs
Fragments of flat grinding slabs were present at all sites, 55 pieces in total (6% of tools), and two pieces 
from the Kina excavation (Table 4:4) These figures are not a good indication of total numbers as grinding 
slabs were nearly always found broken. Grinding slabs were almost always made from sandstone, and very 
occasionally from igneous material, and approximately 30-40mm thick. They were flat and usually ground 
top and bottom. Two sandstone slabs were found relatively intact and measured 260x162x30mm (2.1kg) 
and 235x135x30mm (1.8kg) (Figure 3:20). Schrire (1982:133) recorded one piece of sandstone, 
72x45x27mm, from the upper levels of Nawamoyn.
On several specimens, traces of red and yellow haematite, large and small starch grains, cellulose, 
phytoliths and plant fibre indicate a range of uses for grinding slabs, including preparation of leaves, stems 
and tubers from plants (T. Loy, pers comm.).
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Figure 3:20 South Alligator Wetland Sites Flat Sandstone Grinding Slabs
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3.4.9.1. Ethnographic Data
In Kakadu, Spcnccr (1928:774) reported watcrlily seeds being pounded on stones to make flour for cakes. 
Aboriginal women who accompanied the Kakadu Archaeological Consultancy to the South Alligator 
wedand sites said that the flat grinding slabs were used with a large pebble to crush/grind watcrlily seeds 
(Meehan cl al. 1985:131). Peterson (1968:567-70) reported similar implements from Mirmgadja in 
northeastern Arnhem Land, described as being elongated, 25.4mm to 50.8mm in thickness, 254mm to 
457.2mm in length and breadth, which are similar to the dimensions of those found at the South Alligator 
sites. These tools were used by women to grind cycad nuts (after leaching) and waterlily seeds into flour. 
Today, men may use them as anvils to flatten and shape old pipes, nails and pieces of metal into spear 
blades.
In central Australia (M. Smith pers. comm.), where sandstone for grinding slabs can be difficult to obtain, 
such artefacts were highly curated and passed from generation to generation. In regions where sandstone 
was obtained easily, grinding slabs were broken after a woman’s death. Such a cultural tradition may 
explain why grinding slabs at the South Alligator sites were found broken, as sandstone was readily 
available from the Arnhem Land escarpment and outliers. In eastern Arnhem Land, such objects were 
made by men, highly skilled at the craft, and subsequently traded through the ceremonial exchange network 
(Thomson 1949:87).
3.4.10. Pestle/Pounders
Pestles and/or pounders were common on the wetland sites forming 8% of the tool assemblage (2% at the 
Kina excavation) (Table 4:4). They tended to be merely cobbles with part of their surface smoothed or 
pitted from use. The ground surfaces were mostly flat or slightly rounded (Figures 3:3, 3:18). In other 
cases, they were elongated and cylindrical. The elongated forms were pitted and battered on their ends, 
implying use as pounders and hammcrstoncs. In some cases, there was also ochre staining, indicating they 
were used to grind pigments.
Altogether, 77 pestles and pestle fragments (8% of all tools, 2% at the Kina excavation) were recovered. 
Forty nine were whole, three of which were elongated. Of these, 46% were made from igneous rock, 40% 
from quartzite, 8% from sandstone, and 6% from quartz (Table 3:27). All the elongated specimens were 
mac from quartzite. The dimensions of the whole pieces (minus the elongated forms) arc; mean length 
(86.2± 16.9mm); breadth (76.8±10.8mm); thickness (56.3±15.8mm); average weight (653.5g, range 
184.3-2070g) (N=46). Table 3:28 lists the dimensions of the elongated forms.
T. Loy (pers. comm.) reported phytoliths, starch grains, plant Fibre and silica polish on two wedand 
pesde/pounder specimens, which had been used with a push/pull acdon, probably to shred plants.
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Site Quartz Quartzite Igneous Sandstone Total
Kina Surface 0 1 3 1 5
Amakada 0 1 2 1 4
Kumunkuwi 0 2 7 1 10
Kunkundurnku 2 1 6 1 10
Mamutjirra 1 7 7 0 15
Mularnani 2 18 11 2 33
Kina Excavation 0 1 0 0 1
Total 5 31 36 6 78
% 6 40 46 8
Table 3.27 Pestle Pounders: Raw Materials.
W eight
(g)
Length
(mm)
Breadth
(mm)
Thickness
(mm)
1151.1 121.6 85.4 69.9
948.1 145.0 90.0 48.7
308.1 69.8 53.5 50.2
Table 3.28 Elongated Pestle/Pounders Dimensions.
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Schrirc (1982;72,101,136,188,214,248) reported similar objects, which she called hammer/pounders, 
from Paribari and the upper levels of Malangangcrr, Nawamoyn and Jimeri II. They were mostly made 
from pebbles, cither quartzite or quartz. Usewear indicated use as hammers and/or pounders, and one 
specimen had an ochre staining. Overall, they were lighter than the pestles from the South Alligator sites, 
weighing 33-1537g, with most falling within the range 300-500g.
McCarthy and Setzler (1960:239) reported several such implements from excavations at Milingimbi, both 
elongated pebbles and round or oval flattened pebbles.
3.4.10.1. Ethnographic Data
Aboriginal women from Kakadu said that pebbles were used as pestles to crush and grind waterlily seeds 
at the wetland sites (sec above). Apart from the few observations noted, there is little ethnographic 
evidence for grinding tool function from the Kakadu area. When European carbohydrates, such as flour 
and sugar, became readily available, women quickly abandoned traditional carbohydrate sources, entailing 
time-consuming preparation. As contact occurred relatively early in western Arnhem Land, this may 
explain the lack of ethnographic data about these tools.
However, evidence from other regions in Australia indicates that pcstlc/pounders were used in 
conjunction with mortar dishes and flat grinding slabs, for the functions described above. In central and 
eastern Arnhem Land, pebbles and water-worn cobbles were usually used for pestle/pounders, though any 
symmetrical stone that fitted the hand could also be used. An oval shape was preferred because it was 
suitable for grinding vegetable food in the preferred rocking motion (Levitt 1981:50; McCarthy 1967:71, 
Figure 50; McCarthy and Setzler 1960:281, Plate 14D; Peterson 1968:567; Roth 1904:23; Warner 
1935:497). On Groootc Eylandt, a heavy stone pestle made from sandstone, narrow at one end and flat and 
broad at the other and weighing four to five kilograms, was use with a flat grinding slab to pound cycad 
nuts flat (Levitt 1981:50).
It has been reported for Arnhem Land, Groote Eylandt and northern Queensland that mortar dishes, 
grinding slabs and pestles were individually owned by women. Because of their weight, they were often 
left behind when shifting camps, stored in tree forks or buried in sand, and retrieved on a return trip (Jones 
in press; Levitt 1981:49; Peterson 1968:568; Roth 1904:23).
Peterson (1968) suggested that the number of mortar and pestles on a site is an accurate archaeological 
reflection of the number of women, and thus family groups, present. However, it is doubtful whether such 
a a case could be argued for mortars and pestles at the South Alligator wetland sites, given the disturbance 
inflicted by feral animals and looters. Men used pestles to prepare gum on mortar dishes and as hammers 
for striking flakes from cores (Jones and White 1988:62; McCarthy and Setzler 1960:281,284 Plate 14A).
I l l
In areas where stone was scarce along the floodplains of central and northeastern Arnhem Land, pestles 
were exchanged along established networks, together with other items (Jones in press). Particularly prized 
were black pebbles from the English Company Islands off the northeastern tip of Arnhem Land (Peterson 
1968:567; Thomson 1949:71; Warner 1937:?). Acquisition of suitable pebbles and cobbles was no 
problem in the Alligator Rivers region, so the area may have been a source of such items for trade to places 
lacking suitable stone resources.
3.4.11. Cylcons
These were cylindrical-conical objects, shaped by hammer dressing and referred to elsewhere in Australia 
as ’cylcons’ (McCarthy 1967:62-65). Cylcons have been discussed extensively by Hamm (1987) for 
Australia in general, and by Cundy (1985) for the Top End in particular. The term ’cylcon’ defines a type 
of implement which has a New South Wales epicentre and thus may not be appropriate for Top End 
specimens, which appear to be quite different functionally.
Only three specimens of this type of tool were found at the wetland sites (1% of the collection, none from 
the Kina cxcavation)lhough one was also recorded by Kamminga and Allen (1973:11) at Kina. Two were 
made from micaceous schist and one from granodioritc. All were broken (Figures 3:18, 3:21, 3:22). 
Measurements are listed in Table 3:29. The wetlands specimens conform to Cundy’s (1985:115, Figure 5) 
Form 2 definition, most of which were made from metamorphic rocks, ’Blunted longitudinal section and 
circular cross-section with battering and flaking from both ends’. The same kind of usewear occurred on 
cylcons found at the wetland sites (T. Loy pers. comm.). McCarthy (1967:65) recorded similar objects 
with rounded ends from the Adelaide River area.
Baker (1981:66) also suggested that cylcon shape and usewear indicated a pounding function. However 
while on a field survey at Point Stuart, he noted that cylcons were found in sites far removed from 
permanent grinding hollows and never found in association with portable grinding stones (mortar dishes).
Cundy (1985:122-23) thought it unlikely that cylcons would have been manufactured specifically for 
pounding/hammering tasks when pebbles and cobbles, requiring no preparation, could have fulfilled the 
same function. He concluded therefore, that cylcons were made for some specialized use.
3.4.11.1. Ethnographic Data
Cundy (1985:121-26) has reviewed the ethnographic evidence for the use of objects which, from 
descriptions and illustrations, were similar to the archaeological specimens in the Top End.
Such artefacts have been reported from eastern Arnhem Land. Warner (1958:501-502) has described 
’pointed’ stone rangas (lolcmic emblems) as resembling the shape and form of an upper grinding stone 
made from a river cobble. They were painted for ceremonial use.
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Figure 3:21 South Alligator Wetland Sites Cylcons
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Figure
CM
: 22 South Alligator Wetland Sites Cylcon
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In ihc Kakadu area, increase ceremonies were held to ensure adequate food supplies of various species of 
plants and animals. Painted stones were used to represent these species (for example, emu eggs, turtles, 
turkey eggs, crocodiles and their eggs, whistling ducks, brush turkeys, catfish, lily roots, plums and yams 
(Bemdt and Bemdt 1964:233,370; Spencer 1914:190,191). However, these stones seemed to have a 
natural rather than a worked shape (Spencer 1922:100). After the ceremonies, they were carefully wrapped 
in paperbark and hidden. These artefacts were passed from generation to generation ((Bemdt and Bemdt 
1964:233,370; Spencer 1914:190,192).
Flinders (1814:172) reported cylcon-like objects on Melville Island. They were described as cylindrical 
pieces of stone about 46cm long, which had black charcoal designs and were plastered with white down 
and feathers, glued with egg yolk.
On the basis of the ethnographic data Cundy (1985:123) concluded that cylcons were made originally for 
rcligious/ccremonial uses. However, as damage on the archaeological examples indicated that they had 
been used for utilitarian purposes, he proposed a number of ways in which cylcons may have passed from a 
religious to a secular context (1985:125-26).
1. In areas where there was a shortage of stone, they may simply have been transferred from one 
sub-system to another. However, there was no ethnographic evidence for this.
2. After ceremonies, they may have been given away to other groups in exchange systems, as 
recorded by Warner (1958:350).
3. Local cultural change allowed objects, formerly sacred, to be used technologically.
Cundy pointed out that these hypotheses are potentially testable archaeologically, but there may be 
problems identifying cylcons deposited in a purely ritual context. Although these specimens are likely to 
be those which lack uscwcar, such objects would probably be found on ceremonial sites which do not 
necessarily have a high archaeological visibility.
3.4.12. Abraded Pieces
Abraded pieces accounted for 3% of the tool collection (none at Kina) (Table 4:4). They were small 
flakes made usually from igneous material and displayed a ground surface on one side. As it was uncertain 
whether they were flakes off hatchets, pestles or mortars, they were assigned a separate category.
3.4.13. Haematite and Ochre
Haematite ’pencils’ (Figure 3:11), fragments of ground haematite and other ochres were fourtd at all sites, 
representing 7% of the tool collection (1% at the Kina excavation) (Table 4:4). Ochre staining was found 
frequently on grinding slabs and pestles at the wetland sites (see above), indicating preparation of pigments 
by grinding. In the north, grindstones impregnated with red ochre have been found in levels dating to the 
Pleistocene at Malakanunja II, and c.6000 years BP at Jimeri II (Kamminga and Allen 1973:49; Schrirc 
1982:224).
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Ochre was the main material used for art found in rockshcltcrs of the escarpment and outliers of the 
region. Some of this art is thought to date back to Pleistocene times(Chaloupka 1985:273). Ochre has been 
found commonly in excavations throughout Kakadu (Jones and Johnson 1985a:218-19; 1985b:60; 
Kamminga and Allen 1973:32,48,71,88; McCarthy and Setzlcr 1960:285; Schrire 1982:73,101,136). 
However, there are no rocksheltcrs in the immediate vicinity of the South Alligator wetland sites.
3.4.13.1. Ethnographic Data
Besides rock painting, ochre has been reported as being used in western Arnhem Land for body painting 
by both men and women for ceremonial and secular purposes (Bemdt and Bemdt 1964:365-66; Spencer 
1914:125,151,244,245, 246,429,431; Warburton 1944:83); for painting bones prior to secondary burial; and 
decorating items of material culture, including ceremonial objects and items of everyday use (for example 
Macassan pipes, headdresses, spearthrowers, paddles, clapping sticks, spears, clubs, fighting sticks, bark 
waist belts, armlets and baskets) (Bemdt and Bemdt 1964:375,378,379; Chaloupka et al. 1985:168; 
Spencer 1914, 1922:100). Leichhardt (1847:486) was presented with a gift of red ochre when travelling 
through the Alligator Rivers region in 1845. More recently ochre has been used for painting on bark. 
Examples of such work, collected from the Kakadu area by Spencer in 1912, are housed in the Museum of 
Victoria. Several depict wetland animals (for example, a crocodile, barramundi, pygmy goose, a brolga 
being speared, and a magpie goose) (Spencer 1914:Figures 85, 88-91). The buffalo shooter, Warburton 
(1944) recorded that the inside walls of several bark huts near the South Alligator River in the 1920s, were 
decorated with ochre paintings. The common use of ochre in the area was indicated by the fact that it was 
often carried about in dilly bags by both men and women (Chaloupka et al. 1985:172; Spencer 1914:248).
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Chapter 4
Description and Intra-Site Analysis of the South Alligator
River Wetland Sites
4.1. Introduction
The wetland sites described in this chapter have been previously described in the report of the Kakadu 
Consultancy, carried out in 1981 (Meehan et al. 1985:103-153). The data presented in that report were 
preliminary as, at that stage, analyses of only three sites had been completed.
Here, eight sites are described and the surface collections made at the site analyzed. Information about 
other wetland sites that were recorded, but from which no surface collections were made (Biliringba, 
Bulkin, Indarru, Lurrukuku, Malakanbalk, Malakamba and Nurrungurrudjpa) can be found in Meehan et al. 
(1985). The site descriptions below include details of location, physical features, vegetation, density and 
distribution of stone artefacts, range of stone materials and tool types. The sites are presented in their 
geographical order from south to north; Kina, Amakada, Kumunkuwi, Kunkundumku, Mamutjirra, Mound 
1, Mound 2, and Mulamani (Figures 4:1, 4:2). Kina, Amakada, Kumunkuwi, Kunkundumku, Mamutjirra, 
and Mulamani are large open sites, located ont headlands of sand or clay a metre or two above the 
floodplains, conveniently placed for exploitation of swamp resources. The Mound sites are situated on 
eroded scrub-fowl mounds, located in open woodland some 200m from the floodplains. Except for a large 
midden at Kina, a small intact area at Kunkundumku and the Mound sites, sites were eroded and deflated 
with no depth of deposit. The archaeological debris consisted almost exclusively of stone artefacts. Stone 
arrangements have been reported in the vicinity of the East Alligator River (Kamminga and Allen 
1973:15), but none were found during the survey of the South Alligator wetland sites.
4.2. Field Methodology
4.2.1. Survey of Open Sites, Eastern South Alligator Wetlands
All sites were mapped. The general dimensions of the sites, length, breadth and cross-section were 
calculated. Except for the mound sites, the open sites tended to be longer than they were broad. 
Accordingly, a transect was laid out along the length of each site. Several transverse transects, intersecting 
the longitudinal transect, were also made across the sites. Along these transects, heights were taken by 
dumpy level at 10m intervals.
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Figure 4:2 South Alligator River and its floodplains showing Location 
of Wetlands Archaeological Sites (after Meehan et al 
1985:105)
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In order to document variation in distribution of stone materials across the sites, samples of artefacts were 
collected from one by one metre squares at 10m intervals along the transects. This strategy allowed details 
of intra-site patterning to be determined, and distribution and density of stone materials to be compared 
between sites. The sampling strategy was also aimed at recording the range of stone artefacts present and 
the types of stone from which they were made. Because the transect samples may have omitted examples 
of uncommon implement types, an additional collection of artefacts was taken from 5x5m squares in less 
disturbed areas with particularly dense scatters. Finally, opportunistic collection was also made at each 
site. The midden at Kina was excavated, where bedrock was reached at a depth of 80cm from the surface. 
The fieldwork strategy has been outlined in detail in Meehan et al. (1985:103-108).
42 .2 . Survey of the Mound Sites
The higher ground adjacent to the dry season sites was surveyed both on foot and by vehicle. Two groups 
of mounds were photographed and their topography was mapped. Systematic collections of stone artefacts 
were made from two mounds, one from each group.
4.3. Artefact Densities
The total number of artefacts at each site was estimated from the average number of artefacts collected in 
the squares along the transect (Table 4:1). These estimates are minimum figures only, and would be 
substantially increased if the average numbers for high artefact density areas, like the 5x5m sample squares, 
were included. There were usually several such areas at each site.
4.4. Distribution of Stone Materials
Only the large open sites were tested for distribution of stone materials, as the Mound sites were 
considered to be too small for reasonable determinations. Variation in densities of raw materials (quartz, 
quartzite and chert) across the sites, are shown in Figures 4:3 to 4:5. The calculations were made on the 
basis of counts for each raw material from each of the transect squares. The densities, expressed as number 
of artefacts per square metre, were grouped together (for example, 1-3, 3-5, 5-10 etc.), and plotted against 
frequency. The values for each site were expressed as percentages of the number of transect squares 
containing a certain quantity of each raw material. For example, only 11% of the transect squares at 
Amakada contained quartzite. Using this method, the distribution pattem of the different materials over 
sites could be determined. For example, if most squares scored zero and the percentage of squares 
containing a particular raw material decreased exponentially, there is a classic Poisson distribution. This 
result indicates that a particular raw material is distributed randomly across the site, for example, quartzite 
occurred randomly at the site of Kunkundumku (Figure 4:4). If the curve shows peaks, a structured 
distribution of material is indicated.
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For each site, percentages of retouched and unretouched raw materials were calculated for the 5x5m 
sample squares and transect samples. These calculations enabled a comparison of density and distribution 
of artefacts to be made between sample areas. The miscellaneous collections always contain a much higher 
percentage of retouched raw materials than the 5x5m sample squares and transect collections because they 
mainly comprised tools, rather than waste flakes.
4.5. Kina Surface Site
4.5.1. Location
The site of Kina is on a peninsula that juts into Kina billabong (Figures 4:6, 4:7). This billabong is 
situated at the tidal limit of the South Alligator River, and the swamp is sometimes subject to saltwater 
inundation during king tides. A buffalo swim channel runs from the main river in an easterly direction into 
the swamp.
4.5.2. Vegetation
At the time of the archaeological survey (June to July 1981), Kina swamp was filled with freshwater and 
suported aquatic plants such as Eleocharis dulcis, E. sphacelata and Nymphaea spp. At the water’s edge 
and on the banks, there were stands of bamboo (Bambusa arnhemensis and B. arnhemica), Pandanus 
spiralis, Cathormion umbellatum and paperbarks (Melaleuca leucadendron and M. cajuputi). A small 
pocket of relict monsoon forest grows behind the site and includes tree species such as, Bombax ceiba, 
Wrightia saligna, W. pubescens and Celtis philippensis. In the open woodlands surrounding the site grow 
cotton (Gossypium hirsutum) and scattered eucalypts (Eucalyptus confertißora, E. polycarpa) and Syzigium 
suborbicularis.
4.5.3. Description
The main body of the site has an area that is approximately 250m long and 120m wide (Figure 4:8), and 
consists of several discrete mounds containing freshwater mussel shells in a charcoal-darkened clay matrix. 
Artefacts were scattered across and between the mounds, and included European objects and faunal 
remains as well as stone artefacts and shells. The scatter continued for a further 200m north of the site 
along the edge of the lagoon. Both estuarine (Geloina sp. and Batissa sp.) and freshwater shell (Velesunio 
sp.) occurred, though the estuarine species were infrequent A piece of bone worked into a spoon shape 
was also found (Figure 4:9). The 5x5m sample square was taken from the surface of the excavated mound, 
in the area where it was least disturbed.
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Figure 4 : 7  Ki na: location of site
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Figure 4:8 Kina: Site Plan, Showing Location of Surface Collection Samples 
(after Meehan et al 1985:118)
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Figure 4:9 Kina Worked Bone in Shape of Spoon
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4.5.4. Kina Surface Stone Assemblage: Distribution and Density
Altogether, a total of 2493 stone artefacts were collected from the surface of the Kina site. The majority 
came from the 5x5m sample square located on the mound which was subsequently excavated (Figure 4:10). 
The mound had a density of 92 artefacts per m2. Given that it measured some 200m2 (Meehan et al. 
1985:147), an extrapolation from the average density of artefacts yields a figure of some 18,000 items. The 
transects had a density of five artefacts per m2, giving an average site density of 37 items per m2, and an 
estimated minimum artefact total of 85,000 items (Table 4:1).
4.5.4.1. Raw Materials
Quartz (60%) was the most common stone material, followed by chert (16%) and quartzite (12%). Other 
raw materials appeared in negligible quantities (Table 4:2). The most notable differences between the 
sample areas was the higher percentage of quartz artefacts from the 5x5m sample square and of chert 
artefacts from the transect squares. Unretouched quartzite was distributed evenly in both samples (Table 
4:2). The distribution of the three main raw materials across the site was random (Figures 4:3^l:5). The 
average weight of raw materials and size distribution of waste flakes are displayed in Tables 3:5 and 4:3).
Six percent of the artefacts were retouched; chert (75%) being the most common material in this category 
followed by igneous rock (10%) and quartzite (7%). The percentage of retouched items was higher for the 
transect collections (20%) than for the 5x5m square, which was 4%. Despite differences in distribution of 
total quartz between the 5x5m sample square and the transects, the percentage of retouched quartz was the 
same for both areas, but higher for chert in the 5x5m square. Quartzite artefacts were more often retouched 
in the transect squares (Table 4:2).
4.5.4.2. Stone Tools
Edge rejuvenation flakes (28%), chisel slugs and retouched pieces (both 24%) were the most common 
artefact types at the Kina site (Table 4:4, Figure 4:11). The predominance of these tool forms, most of 
which are made from chert (Tables 3:17, 3:18, 3:21), explains the high percentage of retouched chert at this 
site (Table 4:2).
4.5.5. Kina Excavation
A test pit (one metre by 50cm) was excavated on one of the mounds (Figures 4:8, 4:12). Bedrock, on the 
laterite surface of the plain, was reached at 80cm and a C-14 date of 280±140 BP (ANU 3212), obtained at 
a depth of 45cm to 60cm (Jones and Johnson 1985b:41). Stone artefacts and freshwater mussel shell 
('Velesunio sp. and Alathyia sp.) were recovered from this test excavation. The excavation has already been 
described in detail in Meehan et al. (1985:147) and is summarized below.
The mound has been disturbed by goanna burrows, and it is likely that the soil and archaeological remains
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Figure 4;10 kina, Violet Anderson Collecting from the 5>:5m Sample Square 
(after Meehan et al 1985:107)
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throughout the pit have been reworked. There was no marked stratigraphy, although the deposit changed 
from hard and compact in the uppermost level to soft, dark grey silt or clay containing freshwater mussel 
shells, and numerous charcoal particles (Figure 4:13). Below 45cm, the density of shells decreased (Table 
4:5) and the soil became chocolate brown, but this was thought to be due to differential weathering 
processes. At 70cm, there was a thin lens of lateritic soil with iron stone gravel, underlain by a further 
10cm of dark silt containing weathered mussel shells, which may have been derived from an old goanna 
burrow. The excavation was carried out in two adjacent 50cm squares.
There was some bone recovered from the upper levels, including carapace and other remains of long 
necked turtle, fish vertebrae and otoliths. A broken bone point was found in level 1.
The unexpectedly recent date of 28Q±140 BP (ANU 3212), run on a charcoal and shell pair from the unit 
45-60cm, is thought to be due to contamination through disturbance. However, age-depth extrapolation 
from this unit to the basal unit would make the site about 500 years old. The date for the emergence of the 
freshwater wetlands, taken from a drill core in the floodplains adjacent to the Kina archaeological site, is 
1370±70 BP (ANU 2990) (Jones and Johnson 1985b:41) (Figure 2:6). On this evidence, it has been argued 
that the site is more likely to be 500-1000 years old (Meehan et al. 1985:152).
4.5.6. Kina Excavation Stone Assemblage: Distribution and Density
Altogether, 683 artefacts were recovered from the 0.4m3 test pit, giving an estimated average density of 
1700 artefacts per m3. With an estimated volume of 1000m3, this yields a figure of 1,700,000 artefacts for 
the mound as a whole (Meehan et al. 1985:148; Table 4:1). This result suggests that the estimate of 85,000 
artefacts at the Kina surface site is conservative.
4.5.6.1. Raw Materials
The range of raw materials was the same as for the surface collection and, despite the likely disturbances, 
there appeared to be a two-fold sequence for their distribution. Quartz dominated the upper two levels 
(56%), followed by chert (34%). In levels 3-5, the proportion of quartz increased, from some 20% to 73%, 
while chert declined to only 20% (Table 4:5). Nine percent of the assemblage was retouched, of which, 
chert (70%) and quartz (14%) were the most common (Table 4:6).
4.5.6.2. Stone Tools
Woodworking tools, such as chisel slugs (43%) and the functionally associated type, edge rejuvenation 
flakes (19%), dominated the tool assemblage from the excavation (Table 4:4, Figure 4:11). They were 
slightly more frequent in the upper levels (Table 4:7) and, as most of these tools were made from chert 
(Tables 3:17,3:18) this distribution coincided with the high percentage of retouched chert there (Table 4:5).
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Figure 4:12 Kina Excavation of the Clay and Freshwater Shell Mound (afte: Meehan et al 1985:148)
Figure 4:13 Kina Excavation Test Pit Section Scale in 20cm Gradations 
(atter Meehan er 1985:’.MV)
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Raw material Retouched 
No. %
Unretouched 
No. %
Total 
No. %
Quartz 9 14 378 61 387 57
Quartz Crystal 0 - 36 6 36 5
Quartzite 3 5 42 7 45 7
Chert 44 70 155 25 199 29
Igneous 4 6 8 1 12 2
Sandstone 2 3 0 - 2 -
Haematite and Ochre 1 2 1 - 2 -
Total 63 9 620 91 683 100
Table 4.6 Kina Excavation: Total Assemblage Raw Material.
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4.6. Amakada
4.6.1. Location
Amakada lies on the edge of a lagoon on the eastern side of the South Alligator River. This site occupies 
a long and narrow peninsula which juts into the lagoon (Figure 4:14). The peninsula is only slightly higher 
than the floodplains.
4.6.2. Vegetation
At the time of the survey (July 1981), the swamp was dominated by rushes (Eleocharis dulcis) and large 
numbers of geese were feeding there. The site is severely degraded by buffalo treadage, which has allowed 
saltwater to enter the swamp. Several Livistona benthamii palms and other trees have since died (Figure 
4:15), giving the site a desolate appearance.
4.6.3. Description
The site was c.300m long and 150m wide (Figure 4:16). On the main part of the site, visibility was 
excellent due to erosion of plant cover caused by buffalo treadage. The 5x5m sample square was taken 
from the northern end of the site which was less disturbed by buffalo damage.
4.6.4. Stone Assemblage: Distribution and Density
Altogether, there were 1714 stone artefacts collected from Amakada, mostly from the 5x5m sample 
square (73%). This area had an average density of 50 artefacts per m2, while the transects had nine 
artefacts per m2. These figures give an average density for the site of 25 artefacts per m2 and an estimated 
minimum total of 135,000 items (Table 4:1).
4.6.4.I. Raw Materials
The proportions of stone materials were evenly distributed between the 5x5m sample square and the 
transect squares. Quartz (79%) was the dominant raw material, followed by quartz crystal (7%) and 
quartzite (6%) (Table 4:8). Quartzite and chert were distributed randomly across the site, while quartz 
showed concentrations (Figures 4:3-4:5). The average weight of raw materials and size distributions for 
waste flakes by are presented in Tables 3:5 and 4:3.
Seven percent of the total collection was retouched; quartzite (27%), chert (19%), and quartz (17%) being 
the favoured materials for modification. Five percent of raw materials from the 5x5m sample square were 
retouched, 3% from the transects. The main difference between the areas was a higher percentage of 
retouched quartz in the 5x5m sample square and more retouched sandstone from the transect squares (Table 
4:8).
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Lagoon swamp
Seasonally inundated floodplain *5 m total collection area Livistonia benthamii
Figure 4:14 Amakada: 
Site
Location of Figure 4:16 Amakada: Site Plan
(after Meehan et al 1985:111)
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Figure 4:15 Amakada. View of the Site looking West. Betty Meehan, Prue 
Gaffey and Sally Brockwell Collecting from the 5x5m Sample 
Square (after Meehan et al 1985:11
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4.6.4.2. Stone Tools
Retouched pieces (28%) were the most common tool types, followed by grinding slabs (10%), edge 
rejuvenation flakes, trigonal blades and flakes with usewear (all 9%) (Table 4:4, Figure 4:11). The high 
proportion of retouched quartzite (Table 4:8) is due to the fact that all trigonal blades, most use worn tools 
and some edge rejuvenation flakes were made from this material at Amakada (Tables 3:11, 3:18,3:23).
4.7. Kumunkuwi
4.7.1. Location
Kumunkuwi is situated on a hook-shaped headland that is surrounded on three sides by swamp (Figure 
4:17). Higher ground lies to the east of the site. Buffalo damage and annual inundation have caused severe 
erosion at this site (Figure 4:18).
4.7.2. Vegetation
During the survey of the site in June to July 1981, the swamp supported Eleocharis dulcis, which in turn 
had attracted large numbers of magpie geese and other waterbirds. On the eastern side of the site grow 
scattered stands of the shade tree Cathormion umbellatum. Five hundred metres to the southeast, there is a 
pocket of monsoon rainforest comprising such species as, Bombax ceiba, Randia conchinchinensis, 
Ganophyllum falcatum, Wrightia pubescens, Litsea glutinosa, Amorphophallus galbra, Dioscorea 
transversa and Abrus precatorius. In the open woodland behind the site grow scattered eucalypt species, 
such as Eucalyptus confertiflora, E. polycarpa and other tree species, such as Syzigium suborbicularis, 
Terminalia carpentariae and Erytkrophloeum chlorostachys. The main part of the site is treeless.
4.7.3. Description
The site is approximately 200m long and 150m wide (Figure 4:19). Visibility on the main part was 
excellent, due to denudation of vegetation caused by buffalo damage and erosion. The archaeological 
remains consisted almost exclusively of stone artefacts, though one fragment of mussel shell was found, 
and a piece of metal horsetrappings may tie the latest phase of occupation into the historic period.
4.7.4. Kumunkuwi Stone Assemblage: Distribution and Density
A total of 2797 artefacts were colected from Kumunkuwi. Eighty percent of these came from the transect 
squares. These squares had an average density of 46 artefacts per m2, as opposed to 21 artefacts per m2 in 
the 5x5m sample square. Average density of artefacts was higher in the transect samples because, unlike 
the other sites, where the 5x5m sample squares were located in areas with high artefact density, the 5x5m 
sample square at Kumunkuwi was located in an area of recent deflation where the artefacts were less likely
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500 m — ~ —
Kumunkuwi: Location of SiteFigure 4:17
£ ) £ }  Open woodland 
i i Ä l i  Lagoon swamp 
r  /  ~ ' Seasonally inundated floodplain 
Silt 
Site
--------- Site boundary
■ 1m total collection area
" 5 m total collection areaOb Bush
Figure 4:19 Kumunkuwi: Site Plan, Showing Location of Surface Collection 
Samples (after Meehan et al 1985:120)
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I
Figure 4:18 Kumunkuwi View of Che Site looking '.lest ( after Meehan et 3.1 
1985 :122)
!
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to be disturbed. There was an overall average artefact density for the site of 38 iems per m2 and an 
estimated minimum artefact total of 782,000 (Table 4:1).
4.7.4.1. Raw Materials
The diferent types of stone were distributed evenly between the sample areas, the main categories being 
quartz and quartzite, forming 59% and 28% of the collection respectively. Quartz crystal, chert, igneous 
rock, sandstone and ochre were present in much smaller quantities (Table 4:9). Chert was distributed 
randomly across the site, but quartz and quartzite displayed concentrations (Figures 4:3-4:5). The average 
weight of raw materials and size distribution of waste flakes are included in Tables 3:5 and 4:3.
Three percent of the total collection was retouched (9% for the 5x5m sample square and 1% for the 
transects), chert (23%) and quartzite (22%) being the most common raw materials. The 5x5m sample 
square contained a higher percentage of retouched quartz and igneous rock, and the transect squares more 
retouched quartzite and sandstone (Table 4:9).
4.7.4.2. Stone Tools
Retouched pieces were the most common type of tool at this site, forming altogether 25% of the 
assemblage. There was also a high percentage of grinding slabs and pestle/pounders (15% and 14% 
respectively) (Table 4:4, Figure 4:11). The high percentage of retouched chert and quartzite was not 
related to the presence of any particular tool types (see Chapter 3, Table 4:9).
4.8. Kunkundurnku
4.8.1. Location
Kunkundurnku appears to be a small island adjacent to a headland (Figure 4:20). At the time of the 
survey, July 1981, the site and surrounding swamp were completely dry. Of all the sites under 
investigation, this one had the most extensive buffalo damage, including two large buffalo wallows, one in 
the area of the densest scatter of stone tools. It was deflated, denuded of vegetation and deeply cracked 
because of loss of moisture (Figure 4:21).
4.8.2. Vegetation
The site is surrounded by a dry grassy plain. To the northeast, it is separated from higher ground by a 
dense stand of paperbarks (Melaleuca spp.). To the south, lies an Eleocharis sp. swamp, at the time still 
green. A stand of Cathormion umbellatum, which to some extent has protected the site from erosion, 
grows on the northern end of the site.
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4.8.3. Description
The site is approximately 180m long and has a maximum width of 60m (Figure 4:22). Because of the 
denudation, visibility was good on the main part of the site. The 5x5m sample square was taken from a 
small intact mound which was relatively undisturbed. It would be worth excavating this area.
4.8.4. Stone Assemblage: Distribution and Density
There were 2856 artefacts from this site, evenly distributed between the 5x5m sample square and transect 
samples. The average density was 59 artefacts per m2 for the 5x5m sample square and 60 artefacts per irr 
for the transect squares, with an average density of 60 artefacts per m2 and a projected minimum site total 
of 540,000 artefacts (Table 4:1).
4.8.4.1. Raw Materials
The most common type of stone at the site was quartz (66%), followed by chert (16%). Stone materials, 
as a whole, were not evenly distributed between the two sample areas, with most quartz coming from the 
transect squares and most chert from the 5x5m sample squares (Table 4:10). Quartzite and chert were 
randomly distributed over the surface of the site, while quartz showed concentrations. (Figures 4:3-4:5). 
The average weight of raw materials and size distribution of waste flakes for these raw materials are 
displayed in Tables 3:5 and 4:3.
Five percent of the total assemblage was retouched (7% for the 5x5m sample square and 1% for the 
transect squares), 66% of which was chert. Despite the uneven distribution of raw materials as a whole, 
retouched raw materials were evenly distributed between the sample areas (Table 4:10).
4.8.4.2. Stone Tools
Retouched pices (24%) were most prominent at this site, followed by use-polished flakes (22%) and edge 
rejuvenation flakes (10%) (Table 4:4, Figure 4:11). Most of these tools were made from chert (Tables 
3:18, 3:19, 3:21), which explains the presence of a high percentage of retouched chert at this site (Table 
4:10).
4.9. Mamutjirra 
4.9.1. Location
This site is located on a natural levee, on the margin of a freshwater swamp (Figure 4:23).
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Melaleuca spf paperbark
5 m 2\
_ - _ \
30m  -
250 m
O Open woodland 
& !ä t »  Monsoon rainforest Cathormion umbellatum
{ } R iver channels Site boundary
" . “ ."S e a s o n a lly  inundated floodp la in
Figure 4:20 Kun-kundurnku: Location
of Site
Figure 4:22 K u n -kundurnku: Sketch
Map of Site, Showing 
Location of Surface 
Collection
(after Meehan e t  a l  1985:123)
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Figure 4:21 Kunkundurnku looking Northeast over a Buffalo Wallow (after 
Meehan ec al 1985:112)
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4.9.2. Vegetation
At the time of survey this swamp was dominated by Hymenachne and included some Eleocharis dulcis 
and Nymphaea species. Groves of freshwater mangroves (Barringtonia acutangula) occur on the northern 
side of the swamp. Wild passionfruit (Passiflora foetida) was also present This site is sparsely vegetated, 
having been adversely affected by buffaloes and subsequent saltwater intrusion (Figure 4:24).
4.9.3. Description
The archaeological site spreads along the length of the swamp and is approximately one kilometre long 
and 50m wide (Figure 4:25). There was a thin scatter of stone artefacts across the site. Given its length, it 
was considered necessary to collect two 5x5m sample squares from the site. Consequently, they were 
taken from two areas of higher density than the rest of the site. Gound visibility was good.
4.9.4. Stone Assemblage: Distribution and Density
Altogether, 2289 artefacts were collected from this site. Approximately half of the collection was from 
5x5m sample square B, and a third from the transect squares. Average artefact densities from 5x5m square 
A and the transect squares were the same (11 items per m2), while the figure for 5x5m square B (51 items 
per m2) was much higher. Overall average density was 20 artefacts per m2, with an estimated minimum 
total of 275,000 artefacts for the site. (Table 4:1).
4.9.4.1. Raw Materials
Raw materials as a whole were distributed evenly between the transect squares and both 5x5m squares. 
Quartz (66%) and chert (14%) dominated the assemblage. Other raw materials occurred less frequently 
(Table 4:11). Quartz, quartzite and chert were distributed randomly across the site (Figures 4:3-4:5). The 
average weight of raw materials and size distribution of waste flakes are summarized in Tables 3:5 and 4:3.
Ten percent of the total assemblage was retouched (12% at 5x5m square A, 13% at 5x5m square B and 
5% for the transect squares). Sixty one percent of these items were made from chert, followed by quartz 
(12%) (Table 4:11).
4.9.4.2. Stone Tools
The retouched category (22%) dominated the tool assemblage at this site. Edge rejuvenation flakes 
(21%) and polished flakes (18%) were also numerous. Chisel slugs formed 13% of the collection (Table 
4:4). The high percentage of retouched chert is accounted for by the fact that most of the chisels were 
made from this raw material (Table 3:17, Figure 4:11).
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Figure 4:23 Mumutjirra: Location of Site
silt levee
Hymenachne swamp
100m
____ [ Silt levee
o  a  a Barringtonia acutangula
-------- Site boundary
■ 5 m2 total collection area
Open woodland 
illllll Lagoon swamp 
— - —^Seasonally inundated floodplain
Figure 4:25 Marautjirra: Site Plan showing Location of 5x5m Sample 
Squares (after Meehan et al 1985:130)
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Figure 4:24 Mamutjirra looking West towards the H v n ien a ch n e sp. Swamp.
Paul Tacon in Foreground Preparing Sample Bags for the 5x5m 
Square Collection (after Meehan e r  a l 1985:107)
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4.10. The Mound Sites
4.10.1. Location
During the 1981 survey on the western edge of the floodplains, several mounds were recorded at the site 
of Malankanbalk. This site is located in a pocket of monsoon rainforest The mounds themselves were 
located close to an active scrub-fowl mound and may be the eroded remnants of old scrub-fowl mounds. 
They were littered with artefacts (Meehan et al. 1985:126-27).
In 1983, two similar sets of mounds were found on a low rise on the eastern edge of the floodplain 
between the swamp Amberrawagu, north of Mamutjirra and south of Nourlangie Creek (Figure 4:2). They 
were situated about 200m from the swamp edge, well above flood level. An old river channel occurs on the 
floodplain close to the southern group of mounds.
4.10.2. Vegetation
Both these mound sites were located in open woodland. One of the mounds on the northern group was an 
eroded scrub-fowl mound (J. Russell-Smith pers. comm.), which indicates that in the past it was situated 
within a monsoon rainforest.
4.10.3. Description
There were three mounds in the southerly group. The largest had dimensions of 25m in diameter, 90m in 
circumference and about 0.5m high. Two smaller mounds were situated about 50m to the north (Figure 
4:26). Some of the mounds were disturbed by goannas.
Five hundred metres north of this site, another group of mounds was located. The largest mound was 
25m across and the smallest 10m. The highest mound was 0.5m and the lowest 0.25m (Figure 4:27).
For both groups of mounds, the soil appeared to be darker than the surrounding lateritic land surface, 
which suggested they had been burnt in the past, perhaps by campfires. A mound from each group was 
selected, measured and a surface collection made. Artefacts included European items, such as metal, glass 
and stone.
4.10.4. Mound 1 Stone Assemblage: Distribution and Density
All artefacts (490) were collected from Mound 1, giving an average density of one artefact per m2 (Table 
4:1).
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Palaeo-
channel
Open woodland
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Sampled
Mound
Mound 1 Site
Figure 4:26 Southern Mound Sites Showing Location of Mound 1
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Mound 2 Site
Figure 4:27 Northern Mound Sites Showing Location of Mound 2
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4.10.4.1. Raw Materials
Quartz (82%) was the most common raw material on this Mound, followed by quartzite (7%) and chert 
(6%) (Table 4:12). The average weight if raw materials and size distribution for waste flakes is shown in 
Tables 3:5 and 4:3.
Of the total assemblage, 6% of items were retouched. Quartz (24%) was the most common raw material 
in this class, then quartzite and chert (both 21%) (Table 4:12).
4.10.4.2. Stone Tools
Retouched pieces (48%) occurred most frequently, followed by chisel slugs (18%) and polished flakes 
(11%) (Table 4:4, Figure 4:11). The comparatively even distribution of the three main retouched raw 
materials (Table 4:12) is explained by the fact that most of the common tool types were made from a 
combination of quartz, quartzite and chert (Tables 3:17, 3:19, 3:21).
4.10.5. Mound 2 Stone Assemblage: Distribution and Density
All the surface artefacts (540) were collected from this site, the average density being three artefacts per 
m2 (Table 4:1).
4.10.5.1. Raw Materials
The most common raw material was quartz (73%), followed by quartzite (15%) and chert (7%) (Table 
4:12). The average weight of raw materials and size distribution of waste flakes are presented in Table 3:5 
and 4:3
Four percent of the assemblage was retouched, the most common raw material being quartzite (46%), 
followed by haematite and ochre (34%), quartz and igneous rock (both 8%). Interestingly, there was no 
retouched chert at this site (Table 4:12).
4.10.5.2. Stone Tools
The most common tool types were ground haematite and ochre pieces (34%) and points (13%) (Table 
4:4, Figure 4:11). All points at this site were made from quartzite (Table 3:8), accounting for the high 
proportion of the retouched form of this raw material (Table 4:12). Likewise, the high percentage of 
retouched haematite and ochre is related directly to the presence of a high percentage of tools manufactured 
from these raw materials, as the name of the tool type implies.
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Mound 1
Raw Retouched Unretouched Total
Material No % No % No %
Quartz 7 2 4 3 9 6 8 5 4 0 3 8 2
Quartz Crystal 3 10 5 1 8 2
Quartzite 6 21 2 8 6 3 4 7
Chert 6 21 2 6 6 3 2 6
Igneous 2 7 4 1 6 1
Sandstone 2 7 2 1 4 1
Haematite and Ochre 2 7 1 - 3 1
Other 0 - 1 - 1 -
European 1 3 1 - 2 -
Total 29 6 464 94 493 100
Mound 2
Raw
Material
Retouched 
No %
Unretouched 
No %
Total
No %
Quartz 2 8 3 1 9 7 6 321 7 3
Quartz Crystal 0 - 9 2 9 2
Quartzite 11 4 6 5 7 14 6 8 15
Chert 0 - 30 7 3 0 7
Igneous 2 8 3 1 5 1
Sandstone 1 4 0 - 1 -
Haematite and Ochre 8 3 4 0 - 8 2
Other 0 - 0 - 0 -
European 0 - 0 - 0 -
Total 24 4 418 96 442 100
Table 4.12 Mound Sites: Total Assemblage Raw Materials.
Üo  *
-250m
Figure 4:28 Mularnani: Location of Site
40 m
Auger holes
Open woodland 
Lagoon swamp Site boundary
--- Seasonally inundated floodplain « 1m2 total collection area 
[ | Silt ■ 5m 2total collection area
Figure 4:30 Mularnani: Site Plan Showing Location of Surface Collection 
Samples (after Meehan e t  a l 1985:132 )
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W B
Figure 4:29 Mularni Livistonia benthamii Palms and Despoiled Swamp 
(after Meehan et al 1985:121)
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4.11. Mularnani
4.11.1. Location
Mularnani is the only site located north of Nourlangie Creek (Figure 4:2). It is situated on an exposed 
and barren natural levee in an extensive area of swampland, on the southeastern side of Chirracarwoo 
Lagoon (Figure 4:28). It is low lying and may have been inundated annually during the wet season. The 
site has suffered severe erosion through buffalo and pig activities, especially on the water’s edge.
4.11.2. Vegetation
Erosion and saltwater poisoning have denuded the site. Only several tall Livistonia benthamii palms and 
two solitary Pandanus sp. remain (Figure 4:29). As a result, visiblity was excellent.
4.11.3. Description
The site is approximately 400m from east to west, and 100m from north to south (Figure 4:30). Besides 
stone artefacts, there were a few items of European origin, such as pieces of glass, some of which had been 
flaked. The site was popular with barramundi fishermen in the past and, as a result, has probably been 
looted of some distinctive stone tools. One notable find was a large cache of pestle/pounders, hidden by 
one of the Aboriginal rangers to protect them from souvenir hunters. On higher ground northeast of the 
site, there was a large Ficus sp. tree with a thin scatter of stone artefacts nearby. There were several small 
mounds located nearby, 0.5m high and 0.5m in diameter. They may represent oven remains, though 
confimation of this requires further investigation. The 5x5m sample square was located within a high 
density scatter of artefacts. To the south of Mularnani, lies the floodplain site of Banidja (’Little Banyon’), 
surveyed originally by Kamminga and Allen (1973:11-12). Unlike Mularnani, this site contained only a 
sparse scatter of stone (Meehan et al. 1985:133).
4.11.4. Stone Assemblage: Distribution and Density
Altogether, there were 2288 artefacts collected, 77% from the 5x5m sample square, which had an average 
density there was 70 artefacts per m2. The transects squares had 7 artefacts per m2, giving a site average of 
26 items per m2 and an estimated minimum number of 175,000 artefacts (Table 4:1).
4.11.4.1. Raw Materials
Of total raw materials, chert (45%) occurred most frequently on this site, followed by quartz (35%) and 
quartzite (13%). Raw material types occurred in comparable proportions at the 5x5m sample square and 
transect squares (Table 4:13). Across the site, the three main raw materials (quartz, quartzite and chert) 
were distributed randomly (Figures 4:3-4:5). Average weight of raw materials and size distribution of 
waste flakes are listed in Tables 3:5 and 4:3.
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Eight percent of the total assemblage was retouched (5% for the 5x5m sample square and 8% for the 
transect squares), chert being the most common raw material in this category, comprising 35% of the 
sample. Quartzite was the next most common stone type (18%). Retouched igneous stone (14%), 
haematite and ochre (11%), and quartz (10%), were comparatively evenly distributed. Proportionally, 
retouched raw materials were evenly distributed between the sample areas, except for quartzite which was 
more often retouched in the transect squares (Table 4:13).
4.11.4.2. Stone Tools
Retouched pieces(36%) occurred most frequently. Polished flakes (16%) and pestle/pounders (18%) 
were also common (Table 4:4, Figure 4:11). The fact that most retouched pieces and use-polished flakes 
were made from chert (Tables 3:19, 3:21) accounts for the presence of a high percentage of this material in 
a retouched form (Table 4:13).
4.12. Comments about Intra-Site Variability
Generally, it is true to say that the 5x5m sample squares probably represent specific activity areas which, 
as proportions of retouched raw materials are related directly to tools present, should be characterized by 
the dominance of one retouched raw material in particular or, in the case of flaking floors, by a high 
proportion of one unretouched raw material. The transect samples represent various activity areas across 
the site as a whole and thus, should display a distribution of both retouched and unretouched raw materials 
different from that of the 5x5m sample squares. This was the case for some of the wetland sites near the 
South Alligator River (for example, Kina and Kunkundumku). For others, such as Amakada, Kumunkuwi, 
Mamutjirra and Mulamani, it was not.
As has been stated above, these sites were highly disturbed. As a result of degradation by feral animals, 
saltwater poisoning and annual flooding, they were deflated with few intact areas remaining. Additionally, 
many formally shaped stone tools have been looted by tourists and other visitors. These factors suggest 
that differences observed between the sample areas are not necessarily real. Nevertheless, because in most 
cases the highest proportion of the collections came from the 5x5m sample squares, which were 
deliberately located in areas of least disturbance, and in the case of Kumunkuwi, in an area where deflation 
was recent, it is possible to make some general statements about the nature of site use. Conclusions about 
site use, drawn from the stone artefact analyses, are discussed in the following chapter.
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Chapter 5
Comparative Analysis of the South Alligator Wetland
Sites
5.1. Introduction
In order to test the model proposed in Chapter 1, that the South Alligator wetland sites were used for 
different purposes and/or seasonally, this chapter compares aspects of the stone artefact assemblages from 
each site with oneanoth^rin order to establish whether differences between them can be related to these 
factors. Implications for trade/exchange networks with neighbouring groups are also considered in the light 
of stone sources and tool manufacture. On this basis, a model of prehistoric site use and settlement patterns 
for the wetland sites is derived. Additionally, the comparison enables generalizations to be made about the 
nature of the floodplain assemblages as a whole, which allows comparison with other regional assemblages 
in the following chapter.
Comparisons between the wetland sites are made in terms of: Total densities of stone artefacts;
relationships between stone sources and raw material distribution; stone tool manufacture; distribution of 
unretouched and retouched raw materials; tool/waste ratios; relationships between artefact types and 
distribution of retouched stone materials; and proportions of stone implements. The Kina excavation has 
not been considered with the open sites, only with the Kina surface site in a separate section below.
5.2. Statistical Treatments Used in the Comparison of the Stone Assemblages
For each of the eight sites, there were data on:
1. Raw materials; (a) totals (Table 5:1); (b) retouched (Table 5:2)
2. Tools (Table 4:4)
The raw data were converted to percentage values which were then subject to angular transformation for 
statistical analysis.
1. Analysis of Variance was carried out on transformed data for raw materials and tool 
categories. These analyses determined whether there were significant differences in 
percentage composition of raw materials or of tool types. For the purposes of these analyses, 
the sites were treated as replicates, as the data set for tools was not large enough to permit a 
detailed anlysis of site differences. However, such an analysis could be performed on the 
data for raw materials.
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2. Data on tools were treated by X2 analysis to determine which sites were most alike in terms 
of each tool category.
3. Correlation coefficients, for the frequency of occurrence of raw materials and tool types, were 
calculated for the relationships between all pairs of sites. The correlation coefficients (r) were 
then classified according to the significance of r, and arranged in a matrix which permitted 
visual detection of groups of sites, based on similarity of occurrence of raw materials and tool 
types.
5.3. Artefact Densities
The wetland sites ranged in size from 9000m2 at Kunkundumku to 25,000m2 at Mamutjirra and 
Mularnani, except for the Mound sites, which measured 490m2 at Mound 1, and 180m2 at Mound 2 (Table 
4:1).
The highest density of artefacts was from the 5x5 metre sample square at Kina (92 pieces per m2). The 
lowest, apart from the Mound sites, was from 5x5 metre sample square A at Mamutjirra (11 pieces per m2), 
although it was 51 pieces per m2 in 5x5 metre sample square B at the same site. Mamutjirra (20 pieces per 
m2) had the lowest average site density and Kunkundumku (60 artefacts per m2 the highest (Table 4:1).
The site plans (see Chapter 4) show that all sites, except for the Mound sites, share a similar shape, being 
stretched out along the swamp margins and tending to be longer than wide. Given that several unsampled 
sites recorded in the 1981 survey (Bulkin, Indarru, Lurrukuku and Malakamba) appeared to be similar to 
the sampled sites, in terms of location, dimensions (Table 5:3) and range of raw materials and stone tools 
(Meehan er ai), it is expected that they would have similar numbers and average densities of artefacts.
5.4. Raw Materials
Only quartz, including both vein and opaque milky quartz, and igneous rock are known to occur locally. 
Quartz was obtained from river cobbles and nodules on the surface of the plains adjacent to the sites. 
Cobble surfaces were common on quartz artefacts in the wetland assemblages. The igneous rock is likely 
to be either Zamu or Oenpelli dolerite. Zamu dolerite is described as consisting of metadolerite, 
amphibolite, dolerite, syenite and differentiates (Australia 1:100.000 Geological Series Cahill 5472). There 
are outcrops of Zamu dolerite on the floodplains which consist of medium-grained dolerite and porphyritic 
gabbro with well-preserved igneous textures (Needham 1982:13-14). One such site lies immediately south 
of Kina at Nurrungurrudjpa, where numerous negative flake scars occur on the boulders (Meehan el al. 
1985:133-34; Australian 1:100,000 Geological Series Cahill 5472) (Figure 1:7). The local supply of Zamu 
dolerite could have been supplemented with Oenpelli dolerite, which occurs in outcrops on the western side 
of Mt Brockman and 6.5km east of Patonga homestead (Needham 1982:15-16; Australian 1:100,000 
Geological Series Cahill 5472; A. Watchman pers. comm.) (Figure 1:2). Oenpelli dolerite consists of 
porphyritic olivine dolerite, ophitic dolerite, granopyhrric dolerite and differentiates.
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B a n k  o f  t h e  
S o u t h  A l l i g a t o r  
S i t e  f l o o d p l a i n
M a x i m u m
L e n g t h
m
d i m e n s i o n s
B r e a d t h
m
E s t i m a t e d
a r e a
m 2
Amakada east 300 150 15,000
Bulkin west 500 100 21,000
Indarru west 300 65 11,000
Kina east 250 120 17,000
Kumunkuwi east 200 150 17,000
Kunkundurnku east 180 60 9,000
Lurrukuku west 2000 20 20,000
Malakarnba west 650 60 18,000
Mamutjirra east 1000 50 25,000
Mularnani east 400 100 25,000
Mound 1 east 25 25 600
Mound 2 east 25 25 600
Table 5.3 Dimensions of South Alligator Wetland Open Sites (after Meehan et al. 
1985:135).
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The other raw materials are exotic. Quartzite could be obtained as primary flakes from quarries in the 
plateau outlier Mt Brockman, some 30km to the east, and from Deaf Adder Gorge in the escarpment 
proper, about 50km away (Chaloupka et al. 1985 Appendix 1:2533,36; Jones and Johnson 1985a: 189) 
(Figure 5:1). At sites south of Nourlangie Creek, chert was mainly black or grey in colour, and sometimes 
spotted. This chert is either Gero wie Tuff (black cherty tuff and pale green tuffaceous greywacke) or 
derived from the Mt Bonnie formation which contains bands of chert and interbeds of greywacke, tuff and 
argillite (Needham 1984:10,21; Needham and Stuart-Smith 1984; Australian 1;100,000 Geological Series 
Cahill 5472). In the Kakadu area, Gerowie Tuff is only available from Barramundie Creek and the upper 
South Alligator River, about 50km to the south of the wetland sites, where there are abundant outcrops in 
the form of rubble fragments with white weathered and devitrified skins (Haskovec and Sullivan 1987:4; 
Needham 1984:21) (Figure 1:7). The Mt Bonnie cherts have to be sought further afield, as the closest 
deposit (around the Coronet Fault area) is underground. The nearest sources are those either side of the 
McKinlay River and further west around the Mt Shoobridge Fault, 100-150km to the west (Needham and 
Stuart-Smith 1984). At Mulamani, which lies north of Nourlangie Creek, chert was mainly red in colour. 
Chert pebbles are common in stream beds about 30km to the northeast of this site, where the escarpment 
abutts the East Alligator River and Magela Creek floodplains (Barton 1979:74; Schrire 1982:67,154) 
(Figure 1:2). Generally, chert artefacts at all sites lacked cobble surfaces.
Haematite and ochre found on the wetland sites occurred in a range of colours, including varying shades 
of red, orange, yellow and purple, often with sparkling mica inclusions. There appears to be several sources 
for this material. According to Aboriginal people of the Kakadu area, yellow ochre can be obtained from 
Mt Brockman, and the red and orange ochres come from Barramundie and Graveside Gorge area (P. Tacon 
pers. comm.). Outcrops of ochre are especially abundant in Little Barramundie Gorge (Figure 1:2). Tacon 
believes that purple ochre may be available in the north of the Kakadu region. McCarthy and Setzler 
(1960:285) observed that haematite nodules were abundant in local latentes around Oenpelli.
5.4.1. Distribution of Total Raw Materials
Apart from Mulamani, where chen was the most common, quartz reflected its local origins by being the 
most abundant raw material at the wetland sites (from 58% at Kumunkuwi to 82% at Mound 1), This result 
was confirmed by Analysis of Variance (Table 5:4). At all sites, except Mulamani, quartzite accounted for 
between 6% and 28% of the assemblage. The presence of chen was highly variable, forming only 1% of 
the collection at Kumunkuwi and 45% at Mulamani. Bipolar working of quartz especially, but also 
quartzite and chen was common at all sites (see Chapter 4). Despite being locally derived, igneous rock 
represented from only 1% to 6% of raw materials (Table 5:1, Figure 5:2). However, it was often used to 
make the heaviest items (for example, hatchets and mortar dishes) (Tables 3:24, 3:26).
Variation in distributions of raw material across sites has been discussed previously in Chapter 4. In
Top  Scale 1 . 5  CM =
D  +- ■+- r s m  C  p  1  q  1 ' M  —
• \dci fr  f - or r
o n  r - .  1
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summary, quartz was distributed randomly at Kina, Mamutjirra and Mulamani and non-randomly at all 
other sites; quartzite was distributed randomly at all sites, except Kumunkuwi; and chert was distributed 
randomly at all sites (Figures 4:3-4:5). Concentrations of quartz at Amakada, Kumunkuwi and 
Kunkundumku, and quartzite at Kumunkuwi indicate either flaking and/or activity areas using these raw 
materials. They could also be the result of deflation. However, the nature of the data base makes it 
impossible to determine the precise activity beyond these comments. Further fieldwork, with these results 
in mind, may resolve the issue.
Because quartz formed by far the largest category of raw materials for seven of the eight sites, it skewed 
the Analysis of Variance results for the remaining raw materials (Table 5:5). Therefore, for the purposes of 
the analysis, this category was removed. Quartzite and chert then became the most common raw materials.
The construction of the matrix of correlation coefficients (Table 5:6) for the distribution of raw materials, 
including quartz, over all sites showed that six sites (Kina, Kunkundumku, Mamutjirra, Amakada and the 
Mound sites) correlated highly with each other (PcO.OOl). On this basis, these six sites could be regarded 
as a group, in terms of distribution of raw materials. On the same basis, Kumunkuwi was weakly related to 
these sites, but strongly related to Mound 2 (PcO.Ol, in five cases out of six). In this category, Mulamani 
was unrelated to the other seven sites, indicating that the distribution of raw materials there was different. 
Inspection of Table 5:1 shows that this is because chert was the most common raw material at Mulamani, 
as opposed to quartz at the other sites.
Thus, Mulamani appears to be a special case, probably due to its location. It lies approximately 10km to 
the north of the other wetland sites and is separated from them by Nourlangie Creek (Figure 1:2). It may be 
that quartz was not so common in this area, as is suggested by the lack of cobble surfaces on quartz 
artefacts from Mulamani. The inhabitants may have relied on chert supplies from sources to the north 
around the East Alligator River, rather than from those in the south. Even at the height of the dry season, 
crossing Nourlangie Creek would have been a difficult enterprise as it is a maze of swamps and bogs. 
Going around would have meant travelling considerable distances.
5.4.2. Relationships Between Raw Material Distribution and Sources
The relationship between quantities of raw materials present on sites and their distance from sources was 
examined. This proposition was difficult in the case of quartzite and sandstone, as the sources for these 
raw materials lie to the east about equidistant from all the wetland sites. Quartz was irrelevant in this 
context as it outcrops locally. Sources for quartz crystal are unknown, except for one quarry located in 
Deaf Adder Gorge (Jones and Johnson 1985a: 190) (Figure 1:2). It is likely to have been more restricted in 
its distribution than vein quartz. Although several different sources for haematite and ochre have been 
reported both north and south of the study area, the precise locations are unclear, so they have not been
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Quartz Quartzite Chert Other
Distribution of Total Raw Materials by Sites
Quartz Quartzite Other
Figure 5:3 Distribution of Retouched Raw Materials by Sites
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considered in this context Chert and igneous rock outcrops lie to the south of the study area. Thin sections 
would need to be taken to determine the exact source for the igneous material at the wetland sites, as not all 
of it may originate from the wetland outcrops at Nurrungurrudjpa. Other outcrops occur nearby, to the east 
of the sites. However, here, it is assumed that Numingurrudjpa was the major source.
Distribution of chert and igneous raw materials were examined in terms of average weight of artefacts for 
each site. As can be seen from Table 5:7, there appears to be no relationship between size and distance 
from source for either raw material. However, at all sites except Kina, the size of chert artefacts decreased 
northwards until the Mound sites, when it increased. The larger size of chert artefacts at Mulamani may be 
due to the close proximity of this site to the chert sources of the East Alligator River.
Cane (1984:199) argued that the proportion and size of cores should be affected by distance from source; 
the further the distance, the higher the proportion of cores, and the smaller their size. As overall numbers 
of chert cores were low (Table 3:1), proportions were not considered. Of all sites south of Nourlangie 
Creek, the smallest chert cores (4.7g) occurred at Mamutjirra, which fits the model. One larger core (9.1g) 
was recorded at Mound 1 further north, but, as it was the only example, it was perhaps anomalous. 
However, Kunkundumku, just south of Mamutjirra, had larger cores (19.5g) than Kina (10.9g) (Table 5:8). 
So, the wetland sites do not appear to fit the model in this regard.
5.4.3. Distribution of Retouched Raw Materials
Although quartz was the most common and chert the least common of total raw materials on the sites, this 
situation was reversed when retouched raw materials were considered. Chert (from 19% at Amakada to 
75% at Kina) constituted the most commonly retouched raw material, except at Mulamani and Mound 2. 
Equivalent figures for quartzite were from 7% at Kina to 46% at Mound 2. Quartz, the least popular raw 
material for retouch, comprised from 1% of all retouched pieces at Kina and Kunkundumku to 24% at 
Mound 1 (Table 5:2, Figure 5:3).
The popularity of chert as a favoured material for retouched tools is demonstrated even more dramatically 
when comparing retouched with unretouched pieces within each raw material category (Table 5:10, Figure 
5:4). The percentage of retouched chert pieces ranged from 6% (Mulamani) to 58% (Mound 1) whereas 
the equivalent figures for quartzite were from 3% (Kina) to 30% (Amakada), and quartz, from 3% 
(Kumunkuwi) to 10% (Mamutjirra). The lack of retouched chert at Mulamani strengthens the suggestion 
that chert was more acessible at this site than at other sites. The lack of retouched quartz material may be 
due to the fact that quartz flakes often have an efficient cutting edge without being further modified. 
Additionally, unless the best quality quartz is available, it is difficult to produce formal tool types from 
quartz. Usewear is difficult to detect because of the surface reflectivity of the stone (Cotterell and 
Kamminga in press).
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Quartz Quartzite Chert Sandstone Igneous Haematite & 
Ochre
Kina 1.3 7.3 0.8 9.5 12.9 3.0
Amakada 7.6 19.0 9.8 158.5 157.1 8.7
Kum unkuwi 8 .4 9.2 7.7 78.9 177.5 3.2
K unkundurnku 4.0 6.2 2.4 91.0 66 .4 7.3
Mamutjirra 8.1 34.7 2.7 47.0 158.3 14.6
Mound 1 3 .6 5.5 4.1 115.1 1195 .2 4.0
Mound 2 2.3 4 .7 5.8 4.9 1.6 7.0
Mularnani 2.1 66.6 4.2 132.0 343 .5 16.1
Table 5.7 Average Weights (g) of Raw Materials for All Sites.
Quartz Quartz Crystal Quartzite Chert Igneous O ther
Kina 6.8 - 203.1 10.9 - -
Amakada 27.1 17.4 2.1 - - -
Kum unkuwi 63.3 7.3 - - - -
K unkundurnku 4.9 - 53 .4 19.5 606 .6 -
Mamutjirra 24 .6 3.5 5.9 4.7 - -
Mound 1 5 .7 2.1 - 9.1 - -
Mound 2 6 .4 1.4 17.3 - - -
Mularnani 24 .3 2.0 198.5 21.1 - 28.8
Table 5.8 Cores Average Weight (g) by Raw Material.
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As explained in Chapter 3, chert was particularly favoured for woodworking because it maintains a sharp 
cutting edge that is highly suitable for the task. Being a scarce resource, it was used economically, often 
being reduced to tiny pieces which were heavily retouched. In the 0-4cm2 size category, the average 
weight of chert pieces ranged from 0.3g at Kina to 1.7g at Mound 1, whereas equivalent figures for 
quartzite were 1.2g at Amakada to 2.4g at Kumunkuwi (Table 3:5) and for quartz were 0.7g at Kina and 
Amakada to 1.4g at Mamutjirra. The high percentage of small chert waste flakes at Kina suggested that it 
was carefully curated at this site (Table 5:11).
These observations were confirmed by statistical analysis. Analysis of Variance demonstrated that, for 
retouched raw materials, chert was the most commonly retouched raw material (Table 5:9).
5.4.4. Stone Tool Manufacture
Because cores were scarce, Meehan et al. (1985:138) suggested that, except in the case of quartz, primary 
production of flakes did not take place at the wetland sites and tools were imported onto the sites and 
merely retouched there. When tool/waste flake ratios were examined however, more information was 
forthcoming (Table 5:12). The low ratios for quartz confirmed that these artefacts were indeed 
manufactured in situ at all wetland sites. Further, it appears that quartz crystal artefacts were also 
manufactured in situ at all except the Mound sites. This result may indicate that there is a local source of 
quartz crystal closer than Deaf Adder Gorge. The low tool/waste ratio for quartzite at Kina (1:29), 
Kumunkuwi (1:47) and Kunkundumku (1:22) suggests that tools from this material were also made at these 
sites. Mulamani had the lowest tool/waste ratio (1:15) for chert of all sites, indicating that chert tools may 
have been manufactured there. It is also possible that tools made from igneous material (namely hatchets) 
were also manufactured and/or retouched at Kina, which had a lower tool/waste ratio (1:11), as well as a 
higher overall percentage of igneous matrial (6%) than other sites (Tables 5:1, 5:12). This result is 
consistent with its location close to the source of Zamu dolerite at Nurrungurrudjpa, just one kilometre to 
the south.
Table 5:11 records the size distribution of waste flakes by raw material. If the high proportion of both 
quartz and quartz crystal waste flakes of less than 4cm2 in size is considered in conjunction with tool/waste 
ratios, the proposition that tools made from these raw materials were manufactured at all sites is 
strengthened.
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Site Total
U n r e t .  R e t
Quartz 
U n r e t .  R e t
Quartzite 
U n r e t .  R e t .
Chert 
U n r e t .  R e t .
Igneous 
U n r e t .  R e t .
K ina S u fa ce 9 4 6 9 9 . 7 0 .3 9 7 3 7 6 2 4 9 2 8
A m akada 9 3 7 9 8 2 7 0 3 0 4 2 5 8 7 2 2 8
K u m u n k u w i 9 7 3 9 9 1 9 8 2 5 2 4 8 7 0 3 0
K u n k u n d u r n k u 9 5 5 9 9 1 9 6 4 81 19 8 7 13
Mamutji rra 9 0 10 9 8 2 8 8 12 4 3 4 7 7 8 2 2
M o u n d  1 9 4 6 9 8 2 8 2 18 81 19 6 7 2 3
M o u n d  2 9 6 4 9 9 1 8 4 16 1 0 0 - 6 0 4 0
M u lu rn an i 9 2 8 9 7 3 8 9 11 9 4 6 4 8 4 2
Table 5.10 Retouched Artefacts Within Each Raw Material Category (percentages).
Q u ar tz Q uartz  Crysta l Q uartz i te C h e rt Ig n e o u s S a n d s to n e
K ina 7 2 3 5 8 29 3 11 6
A m a kad a 7 0 31 2 1 3 1
K u m u n k u w i 2 3 6 4 0 4 7 1 2 10
K u n k u n d u r n k u 2 3 4 1 3 3 2 2 4 8 1
M am utji rra 5 3 2 3 7 1 4 2
M o u n d  1 5 7 2 5 4 2 1
M o u n d  2 1 6 0 0 5 0 2 0
M ula rnan i 4 4 5 8 15 1 2
Table 5.12 Number of Waste Flakes per Implement by Raw Materials.
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5.5. Stone Tool Types
The formal stone tool types, occurring on the wetland sites, have been defined in Chapter 3. The flaked 
stone tool categories included bifacial, unifacial and trigonal points, chisel slugs, edge rejuvenation flakes, 
use-polished flakes, retouched pieces and utilized flakes. The ground stone tool categories included 
ground-edge hatchets and hatchet fragments, mortar dishes, flat grinding slabs, cobbles used as 
pestle/pounders and/or hammer stones, ’ey Icons’, haematite with ground facets and abraded pieces 
(fragments from pestle/pounders and/or hatchets). The proportions of these tool types at each site are 
tabulated in Table 5:3. By definition, they implied the range of activities that took place on the wetland 
sites.
5.5.1. Frequency of Tool Types
To determine whether differences existed, in terms of frequency of tool types, the assemblages were 
analyzed using Analysis of Variance. Before the analysis was performed, tools which by definition could 
be associated withone anotherfunctionally (see Chapter 3), were collapsed into one category. Thus, adze 
chisel slugs and edge rejuvenation flakes were classified as woodworking implements; and mortar dishes, 
grinding slabs, pestle/pounders and cyIcons were combined as grinding/pounding implements (Table 5:13, 
Figure 5:5).
The results of the analysis indicated that, while there were some similarities, significant (PcO.OOl) 
differences indeed existed between frequencies of tool types. Retouched pieces and the woodworking 
category (chisel slugs and edge rejuvenation flakes) were the most common, while unifacial and bifacial 
points, trigonal blades and usewear flakes were the least common (Table 5:14).
Subsequently, the categories were collapsed further, again with functionally similar tool groups, to see 
whether differences between proportions of tool types remained. Unifacial/bifacial points and trigonal 
blades were counted together, as were chisel slugs, edge rejuvenation flakes and retouched pieces 
(woodworking category); and hatchets and abraded pieces (all made from igneous rock and thus assumed to 
be flakes off hatchets) (Table 5:15, Figure 5:6). The woodworking category (now including retouched 
pieces) emerged as the most common. Utilized flakes were the least common (Table 5:16).
The woodworking category was then removed, as its large size may have skewed the analysis (Table 
5:17), and Analysis of Variance applied again to see if more subtle differences were revealed. However, 
the results remained virtually the same, except for the utilized flake category which had the same value as 
that for hatchets, but was different from all other categories (Table 5:18).
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5.5.2. Distribution of Tool Types
The Analysis of Variance indicated that, for the wetland sites overall, retouched pieces, chisel slugs and 
edge rejuvenation flakes were the most frequently occurring tool types; and unifacial, bifacial and trigonal 
points, and utilized pieces the least frequent. However, when correlation coefficients for sites and tool 
types were calculated, no consistently significant relationship between sites were found (Table 5:19).
Inspection of the percentage tool data showed that this result was obtained because the distribution of tool 
types was different at each site. Kina (52%) and Mamutjirra (34%) had higher proportions of 
woodworking tools (chisel slugs and edge rejuvenation flakes); Kunkundumku (22%), Mamutjirra (18%) 
and Mulamani (16%) had higher proportions of use-polished flakes; grinding tools were most numerous at 
Kumunkuwi (30%) and Mulamani (27%); and there was a high percentage of unifacial and bifacial points 
at Mound 2 (13%), compared with other sites (Table 5:14). However, the data also indicated that some 
similarities existed between most sites, as indicated by the Analysis of Variance results. Proportions of 
retouched pieces were consistently high, and proportions of unifacial and bifacial points, trigonal blades, 
utilized flakes, hatchets, and abraded pieces were low.
In order to confirm whether these similarities and differences were meaningful statistically, each stone 
tool category for all sites was compared using a X2 test. In all cases, confirmation was obtained that the 
differences observed above were statistically significant (P<0.05). The results are discussed below.
5.5.2.1. Unifacial and Bifacial Points
Mound 2 (13%) had a significantly higher number of unifacial and bifacial points than all other sites. 
There was little or no difference between other sites (Tables 5:13, 5:20).
5.5 2 .2. Woodworking Tools
Kina (52%) and Mamutjirra (34%) had significantly higher numbers of chisel slugs and edge rejuvenation 
flakes than all other sites, but were not different from each other. The distribution of chisel slugs and edge 
rejuvenation was similar at all other sites (Tables 5:1, 5:21).
5.5 2 .3. Use-Polished Flakes
Kunkundumku (22%), Mamutjirra (18%) and Mulamani (16%) had significantly higher numbers of 
use-polished flakes than other sites, except for Mound 1 (11%) which occupied an intermediate position 
with respect to this tool type (Tables 5:13, 5:22).
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5.5.2.4. Trigonal Blades
Trigonal blades occurred infrequently at all sites, and site differences were small and mostly insignificant 
(Tables 5:13, 5:23).
5.5.2.5. Retouched Pieces
Mound 1 (48%) had a significantly higher proportion of retouched pieces than all other sites. There were 
no other site differences (Tables 5:13, 5:24).
5.5.2.6. Utilized Flakes
Amakada (9%) and Mulamani (8%) had the highest proportion of utilized pieces, but were only 
significantly different, in this respect, from Kina and Mound 1 which had none. Other site differences were 
slight (Tables 5:13, 5:25).
5.5.2.7. Edge-ground Hatchets
Hatchets were most frequent at Amakada (9%) and did not occur at Kina and Mound 1. The difference 
was significant Other site differences were slight (Tables 5:13, 5:26).
5.5.2.8. Grinding Tools
Grinding tools occurred most frequently at Kumunkuwi (30%) and Mulamani (27%). These values were 
not different from one another. Otherwise, Kumunkuwi was significantly different from all other sites and 
Mulamani from all other sites, except Amakada (15%). Grinding tools occurred least frequently at Kina 
(5%) and Mound 2 (4%) (Tables 5:13, 5:27).
5.5.2.9. Haematite and Ochre
The amount of haematite and ochre at Mound 2 (34%) differed significantly from all other sites. Other 
site differences were slight (Tables 5:13, 5:28).
5.5.2.10. Abraded Pieces
Abraded pieces occurred most frequently at Kina (7%) and Kumunkuwi (6%), and were not found at 
Mamutjirra. All site differences were small (Tables 5:13, 5:29).
5.5.2.11. Combined Tool Categories
When the tool categories were collapsed further, Mound 2 (21%) emerged as significantly different from 
all sites, except Amakada (12%) and Kumunkuwi (10%), in terms of proportions of unifacial/bifacial points 
and trigonal blades (Tables 5:15, 5:30). Kina (76%) had a significantly greater proportion of woodworking 
tools (retouched pieces, chisel slugs and edge rejuvenation flakes) than all other sites, except for 
Mamutjirra (56%) and Mound 1 (66%) (Tables 5:15, 5:31); and there were only slight differences between 
sites, regarding the combined category of hatchets and abraded pieces (Tables 5:15, 5:32).
195
Amakjoa Kumunkuwi Kunkundurnku
Kina 0 .5 ° 0.5° o k) o
AvTukacU 0 1.0°
Kumunkuwi 1.0°
Kunkundurnku 
Mamut>rra 
Mound 1 
Mound 2 
D.F. -  1
Significance Levels
0 P > no ugrtfcart ctfl*r*nc*
1 P < 0.05
2 P<0.01
3 P < 0.001
MarrvrtKra Mound 1 Mound 2 Mulamari
0.5° 4.3 1 3.5° 1.3°
0 2.5° 6.3 1 0.3°
0 2.5° 6.3 1 0.3°
1.0° 6.0 1 2.5° 2 .0 °
2.5° 6.3 ' 0.3°
12.2 3 2.0°
7.6 2
Table 5.20 3C2 Tests tor Bifacial and UnifadaJ Points Between Pairs of Sites.
Anvkada Kumunkuwi Kunkundurnku
tirw 23.0 J 38.0 3 17.5 3
Amafcadt 3.6 0 0 .5 °
Kumurfcuwi 6.5 1
Kunkundurnku
Mamujna
Mound 1
Mound 2
D.F. -  1
Significance Levels
0 P > no «ignfflcar* d f lM m
1 P < 0.05
2 P<0.01
3 P <  0.001
Uanutyrra Mound 1 Mound 2 Mutamari
3 .8 ° 16.5 3 32.3 3 36.5 3
9.2 2 0.8 0 1.2 0 2 .5 °
21.1 3 7.1 2 0 .7 ° 0 .2 °
5.6 1 0.1 o 3 .2 ° 3 .4 °
4.9 i 16.1 3 19.6 3
3 .8 ° 6.0 1
0 .3 °
Table 5.21 C^2 Tests for Woodwortong Tools Between Pairs of Sftes.
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Amakada Kumunkuwi Kunkundurnku
Kina 0 .3 ° 0.04 o 0
Amakada 0 .2 ° 0 .3 °
Kumunkuwi 0 .0 4 °
Kunkundurnku 
Mamutjrra 
Mound 1 
Mound 2 
D.F. = 1
Significance Levels
0 P > no significant difference
1 P < 0.05
2 P<0.01
Mamutjnra Mound 1 Mound 2 Mulamani
0.1 0 8.0 2 0 .2 ° 0.1 0
0.7  o 5.3 1 1.0 0 0 .7 °
0 .2 ° 6.1 1 0 .3 ° 0 .2 °
0.1 0 8.0 2 0 .2 ° 0.1 0
9.7  2 0.1 0 0
10.4 2 9 .7 2
0.1 0
Table 5.24 7 2 Tests for Retouched Pieces Between Pairs of Sites.
Amakada Kumunkuwi Kunkundurnku
Kina 8.2 2 6.3 1 6.0 1
Amakada 0 .3 ° 0.6 0
Kumunkuwi
OÖ
Kunkundurnku 
Mamutjfra 
Mound 1 
Mound 2 
D.F. *  1
Mamutirra Mound 1 Mound 2 Muiamani
1 .0 ° 0 4.0 1 8.0 2
6.4 1 8.2 2 3 .4 ° 0.1 0
4.5 1 6.3 1 2 .2 ° 0.1 0
3 .3 ° 4.0 1 0.4  0 0 .3 °
1 .0 ° 1 .7 ° 5.0 1
4.0 1 8.0 2
1.3°
Significance Levels
0 P > no significant difference
1 P < 0.05
2 P < 0.01
3 P < 0.001
Table 5.25 %2 Tests for Usewear Pieces Between Pairs of Sites.
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Amakada Kumunkuwi Kunkundurnku Mamutjirra Mound 1 Mound 2 Mularnani
Kina Surface 8.22 4 .01 1.0° 4.51 0 4 .01 6.01
Amakada 1.9° 6.41 3.0° 8.2 1.9° 0.6°
Kumunkuwi 1.7° 0.3° 4 .01 0 0.4°
Kunkundurnku 1.0° 1.0° 1.7° 2.0°
Mamutjirra 2.5° 0.3° 1.0°
Mound 1 4.01 6.01
Mound 2
Oo
Significance Level
0 - no significant difference
1 - P < 0.05
2 - P < 0.01
Table 5:26 X 2 Test for Hatchets
A m akada K um unkuw i K u nkund urnku Mamutprra M ound  1 M ound 2 M ulam am
Kina 5.0 1 17.4 3 4.1 1 2.3° 1.6° 0.2° 15.1 3
A m akada 4.9 1 0.1 0 0.6° 1.0 6.1 1 3.4°
K um u nkuw i 5.8 1 8.6 2 10.0 2 19.9 3 0.2 o
K u n k u n d u rn k u 0.4° o o 5.6 1 4.0 1
Mamutprra 0.1 0 3.1 0 6.7 2
M ound 1 2.6° 7.6 2
M ound 2 16.6 3
D.F. = 1
Significance Levels
0 P > no significant difference
1 P < 0.05
2 P < 0 . 0 1
3 P < 0.001
Table 5.27 y 2- Tests for Grinding Tools Between Pairs of Sites.
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Amakada Kumunkuwi Kunkundumku Mamutprra Mound 1 Mound 2 Mulaman
Kina 10.4 2 23.1 3 10.4  2 3 .0 ° 0 .7 ° 2 0 .8  3 2 2 .2  3
Amakada 1 .7 ° 0 2 .3 ° 5 .8  1 2.1 0 2.4  0
Kumunkuwi 1 .7 ° 7 .9  2 13.5 3 0 0
Kunkundumku 2 .3 ° 5 .8  1 2.1 0 2.4  0
Mamut^rca 0 .8 ° 8 .5  2 10.0  2
Mound 1 1 4 .3  3 15.4  3
Moond 2 0
D.F. -  1
Significance Levels
0 P > no significant difference
1 P < 0.05
2 P < 0.01
3 P <0.001
Table 5.31 X 2 Tests for Woodworking Tools and Retouched Flakes (as one category) Between Pairs of Sites.
Amakada Kumunkuwi Kunkundumku
Kina 2.0  0 1 .0 ° 0 .3 °
Amakada 0 .2 ° 0 .8 °
Kumunkuwi 0 k> 0
Kunkundumku
Mammjrra
Mound 1 
Mound 2 
D .F. = 1
Significance Levels
0 P > no significant difference
1 P < 0.05
2 P <0 .01
3 P <  0.001
Marrutjrra Mound 1 Mound 2 Mulaman
0 .4  0 1 .0 ° 8.1 2 1 .0 °
4 .0  1 5.1 1 2 .4 ° 5.1 1
2 .6 ° 3 .6 ° 1.0 0 3 .6 °
1 .3 ° 2 .2 ° 5 .7  1 2 .7 °
0 .3 ° 11.2  3 0 .3 °
7 .5  2 0
13.5 0
Tabie 5.30 X2 Tests |or Unifacial, Bifacial and Tngonal Points (as one category) Between Pairs of Sites.
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5.5.3. Relationship Between Distribution of Tool Types and Raw Materials
For the wetland sites, both individually and overall, distribution of retouched chert was, in most cases, 
related to the distribution of tool types.
Most chisel slugs, edge rejuvenation flakes, use-polished flakes and retouched pieces were made from 
chert (see Chapter 3). Hence, the high proportions of chisel slugs, edge rejuvenation flakes (52%) and 
retouched pieces (24%) (Table 5:13) at Kina largely account for the high proportion of retouched chert 
(75%) there (Table 5:2). Similarly, Mamutjirra had relatively high percentages of these tool types (chisel 
slugs and edge rejuvenation flakes 34%; retouched pieces 22%) as well as use-polished flakes (18%) (Table 
5:13) and a related high proportion of retouched chert (61%) (Table 5:2). The same argument can be made 
for Kunkundumku which had high proportions of chisel slugs and edge rejuvenation flakes (17%), use- 
polished flakes (22%) and retouched pieces (24%) (Table 5:13), and a high proportion of retouched chert 
(66%) (Table 5:2).
Thus, for the wetland sites overall, the fact that the most common tool types (retouched pieces, chisel
slugs and edge rejuvenation flakes, Table 5:14) were made from chert accounts for chert being the
dominant retouched raw material at the wedand sites (Table 5:9).
This relationship was not so clear-cut for the distribution of other retouched raw materials 
and tool types.
5.5.4. Comparison Between the Mound Sites
The X2 Analysis showed that the Mound sites consistently differed from one another, both in distributions 
of retouched raw materials (quartz, quartzite, chert and haematite, Tables 5:2 and 5:33) and in tool types.
In the first comparison of tool types, the woodworking category (chisel slugs and edge rejuvenation flakes), 
grinding tools, and abraded pieces were the only categories which showed no significant differences 
between the sites (Tables 5:13, 5:34). When the tool categories were collapsed further, all categories 
differed significantly from each other, except for hatchets and abraded pieces (counted as one category) and 
grinding tools (Tables 5:15, 5:35).
5.5.5. Comparison Between the Kina Excavation and the Kina Surface Site
The distribution of the three major raw materials, quartz, quartzite and chert, and the tool assemblages 
from the Kina excavation and the Kina surface site were compared, using X2 Analysis.
There were no differences in terms of distribution of total raw materials in the three categories (Tables 
5:1, 5:36). However, there was a significant difference between amounts of retouched quartz, which 
formed 14% of retouched pieces from the Kina Excavation, but only 1% from the Kina Surface site (Tables 
5:2, 5:37). The majority of quartz tools (56%) from the excavation occurred in the lower three levels, 
where the percentage of quartz was higher than in the upper levels (Table 5:38).
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Raw Material r .2 D.F. Significance Level
Quartz 8.0 1 S ig n if ic a n t P < 0.01
Quartzite 9.2 1 S ig n if ic a n t P<0.01
Chert 20.1 1 S ig n if ic a n t P< 0.001
Haematite and Ochre 17.4 1 S ig n if ic a n t P < 0.001
Table 5.33 %2 Tests Between Mound 1 and Mound 2: Retouched Raw Materials.
Tool y .2 D.F. Significance Level
Points 12.1 1 S ig n if ic a n t P < 0.001
Woodworking 3.8 1 N o s ig n if ic a n t d if fe re n c e
Use-polish 10.2 1 S ig n if ic a n t P < 0.01
Trigonal Blades 2.2 1 N o s ig n if ic a n t d if fe re n c e
Usewear 4.0 1 S ig n if ic a n t P < 0.05
Retouch 10.4 1 S ig n if ic a n t P < 0.01
Hatchets 4.0 1 S ig n if ic a n t P < 0.05
Grinding Tools 2.7 1 N o s ig n if ic a n t d if fe re n c e
Haematite and Ochre 17.3 1 S ig n if ic a n t P < 0.01
Abraded 0.3 1 N o s ig n if ic a n t d if fe re n c e
Table 5.34 %2 Tests Between Mound 1 and Mound 2: Tool Types (Collapsed 
Categories).
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Tools r.2 D.F. Significance Level
Bifacial, Unifacial and 
T rigonal Points 13.5 1 S ign ifican t P < 0.001
W oodw ork ing  and Retouch 14.3 1 S ign ifican t P < 0.001
Use-Polish 10.2 1 S ign ifican t P < 0.01
Usewear 4.0 1 S ign ifican t P < 0.05
H atchets and 
A braded  P ieces 2.2 1 No s ig n ifica n t d iffe re nce
Grinding Tools 2.7 1 No s ig n ifica n t d iffe re n ce
Haematite and Ochre 17.3 1 S ign ifican t P < 0.001
Table 5.35 %2 Tests Between Mound 1 and Mound 2: Tool Types (Further 
Collapsed Categories).
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For tool types, the significant differences were not between the most 
common categories (chisel slugs and edge rejuvenation flakes), but between 
proportions of retouched pieces (24% from the surface; 8% from the 
excavation) and abraded pieces (7% from the surface; none from the 
excavation). There were only slight differences between utilized flakes 
(none from the surface; 6% from the excavation) and hatchets (none from the 
surface; 6% from the excavation). Tables 5:13, 5:39). However, when the 
categories were collapsed, the only remaining significant difference was 
the higher percentage of utilized flakes from the excavation (Tables 5:15, 
5:40).
5.6 Sunmary
The analysis revealed some differences between the stone assemblages at 
the sites, which make the sites discernible from one another. This result 
was mainly due to differences in tool distribution.
5 .6 .1 . Differences Between Sites
The major differences between the sites may be summarized as follows:
21. Densities of artefacts per m differed between sites.
2. The proportions of retouched raw materials were distributed 
differently at each side. The distributions were related directly 
to differences in distributions of tool types.
3. At Mularnani primary chert flaking occurred.
4. Chisel slugs were more common at Kina, Mamutjirra and Mound 1 than 
at other s i tes .  If chisel slugs were counted with associated tool 
types (edge rejuvenation flakes), the resulting woodworking category 
was most common at Kina and Mamutjirra. When retouched pieces were 
combined with this category, the result remained unchanged, except 
that Mound 1 also emerged strongly in this respect.
5. The highest proportions of use-polished flakes occurred at 
Kunkundurnku, Mamutjirra and Mularnani.
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6. Although low in numbers a t  most s i t e s ,  t r i g o n a l  blades were s l i g h t l y  
more common a t  Amakada, Kumunkuwi and Mound 2 than they were 
e lsewhere.  Combining t r i g o n a l  blades with the  a ssoc ia ted  tool types 
( u n i f a c i a l / b i f a c i a l  p o i n t s ) ,  merely emphasized t h i s  r e s u l t .
7. Mularnani and Kumunkuwi had more gr inding to o l s  than o ther  s i t e s .
8. The Mound s i t e s  when compared with one another  showed s i g n i f i c a n t  
v a r i a t i o n  in d i s t r i b u t i o n  of retouched raw m a te r ia l s  and tool types .
5.6 .2 . Similarities Between Sites
Despite th e se  d i f f e r e n c e s ,  the  wetland s i t e s  can a lso  be i s o l a t e d  as a 
group on a number of grounds.
1. The same range of raw m a te r ia l s  occurred a t  a l l  s i t e s .
2. Except f o r  Mularnani, where cher t  was the  most common raw m a te r i a l ,  
th e  p r o p o r t i o n a t e d ! s t r i b u t i o n  of t o t a l  raw m a te r i a l s  was the  same a t  
a l l  s i t e s ,  qua r tz  being the  most common ca tegory .
3. Primary production of quar tz  and quartz  c r y s t a l  f l a k e s  occurred at  
a l l  s i t e s .  Q uar tz i te  and cher t  were imported as primary f la k e s  and 
only sub jec ted  to  secondary f lak ing  a t  a l l  s i t e s ,  except Mularnani.
4. Despite d i f f e r e n c e s  in p ropo r t iona te  d i s t r i b u t i o n ,  the  same range of 
tool types  occurred a t  a l l  s i t e s .
5. There was a c o n s i s t e n t l y  low percentage of u n i f a c ia l  and b i f a c i a l  
po in ts  a t  a l l  s i t e s ,  except Mound 2.
6. The s in g l e  most common tool category  fo r  a l l  s i t e s  was t h a t  of 
re touched p ieces .
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R a w  M a t e r ia l
Total
X 2
Raw Materials 
D . F . S i g n i f i c a n c e  L e v e l
Quartz 0 1 0
Quartzite 1.3 1 0
Chert 2.6 1 0
Table 5.36 %2 Tests Between Kina Surface and Kina Excavation Tool Raw Materials.
R a w  M a t e r ia l
Retouched
X 2
Raw
D . F .
Materials
S i g n i f i c a n c e  L e v e ls
Quartz 11.3 1 P < 0.001
Quartzite 0.3 1 0
Chert 0.3 1 0
Table 5.37 x 2 Tests Between Kina Surface and Kina Excavation Retouched Raw 
Materials.
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Non-
retouched 
flakes or
m anuports  Cores
Q u a r t z 411 3
C h e r t 1 5 3 2
Q u a r t z i t e 4 2 —
V o l c a n i c 8 —
T o t a l 6 1 4 5
Flaked and 
ground tools
total
assemblage
Nos %
9 2
4 4 29
5 12
5 62
63 10
Table 5:38 Kina Excavation; per cent Retouched Tools for each Raw 
Material Categore (after Meehan et al 1985:149)
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Tools
Tool Types
X2
(Collapsed
D.F.
Categories)
Significance Levels
Unifacial and
Bifacial Points 0 1 No significant difference
Wood-working 0.9 1 No significant difference
Use-Polish 0.3 1 No significant difference
Trigonal Blades 1 .0 1 No significant difference
Usewear 6 .0 1 Significant P < 0 .0 5
Retouch 8 .0 1 Significant P < 0 .01
Hatchets 6 .0 ■ 1 Significant P < 0 .0 5
Grinding Tools 0 1 No significant difference
Haematite and Ochre 0 1 No significant difference
Abraded Pieces 7 .0 1 Significant P < 0 .01
Table 5.39 x 2 Tests Between Kina surface and Kina Excavation
Tools X2 D.F. Significance Levels
Unifacial, Bifacial
and Trigonal Points 0.5 1 0
Woodworking and Retouch 0.2 1 0
Use-Polish 0.4 1 0
Usewear 6.0 1 P < 0.01
Hatchets and
Abraded 0.1 1 0
Grinding Tools 0 1 0
Haematite and
Ochre 0 1 0
Table 5.40 x 2 Tests Between Kina Surface and Kina Excavation Tool Types Further 
Collapsed Categories.
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7. Hatchets and abraded pieces were distributed evenly between sites.
5.7. Interpretation and an Archaeological Model
5.7.1. Site Location and Seasonal Occupation
5.7.1.1. Large Open Sites
The large open sites under discussion here are all located close to freshwater wetlands,infemng that 
wetland resources were the primary subsistence focus for the prehistoric occupants. This supposition was 
confirmed by the remains of freshwater fauna and shellfish recovered from the excavation at Kina, and 
indicated that such had been the case throughout the site’s occupation from c.700 years BP until recently.
As the wetland sites are located below the wet season flood level, they could be used only during the dry 
season. Additionally, it is likely that they were inhabited at different times during the dry season, 
occupation following receding water sources as the season progressed.
5.7.1.2. Mound Sites
Stone (1989) has suggested that many of the northern Australian shell and earth mounds, attributed to 
Aboriginal activities, may in fact be the result of scrub-fowl (Megapodius reinwardt syn. freycinet) nest­
building. Stone argued that in situ artefactual material resulted from mounds being used occasionally by 
Aborigines as campsites, artefacts being reworked by scrub-fowls rebuilding the nests.
The South Alligator Mound sites are indeed eroded scrub-fowl mounds (J. Russell-Smith pers. comm.). 
Although these sites are located today in open woodland, their presence indicates that they were previously 
situated within the confines of monsoon forest, the sole habitat of the scrub-fowl. It is impossible to 
determine whether Aborigines used these sites while they were located within jungle, or later when the 
jungle had retreated. However, at Malankanbalk, presently located within monsoon forest, on the western 
edge of the South Alligator floodplains, active scrub-fowl mounds are situated adjacent to abandoned 
mounds which are covered with artefactual remains (Meehan et al. 1985:126-27). So either interpretation 
is possible.
Wet season occupation has been proposed for the South Alligator Mound sites. Several features 
distinguish them from the large open sites. They comprise small elevated discrete sites in groups of up to
ten or more, situated on higher ground away from the floodplain edge. Stone hypothesized that:
where artefactual material has been incorporated into a mound, this is because scrub-fowl have raked it in 
with their feet from material left behind by Aborigines on the soil surface (1989:61).
However, at the South Alligator Mound sites, stone artefacts occurred only within the confines of the 
mounds and there was no evidence of open scatters on the surface of the plains surrounding the sites. 
Location of the mounds on high ground and the discrete distribution of artefacts suggest that already
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existing mounds were selected as desirable occupation sites, where wet season flooding could be avoided. 
Additionally, the situation of the mounds in open woodland, often within or close to monsoon forests and 
the non-availability of wetland resouces in the wet season suggest that, if the mounds were occupied during 
the wet season, the subsistence base was different from that of the large open sites.
5.7.2. Site Use
Differences in densities of artefacts per m2 suggests that some sites may have been occupied more 
intensively than others. Thus Kunkundumku (60 artefacts per m2) may have been used more frequendy or 
by more people than Mamutjirra (20 artefacts per m2). Variability between the tool assemblages indicates 
that the wetland sites were used for different purposes and/or seasonally. The high proportion of 
too ls thought to be for woodworking at Kina and Mamitjirra infers cnar these s ite s  were 
centres for manufacture o f wooden artefacts and perhaps base canps for  dry season exploitation  
of the wetland s i t e s .  The presence o f the large midden at Kina supports th is  hypothesis.
Interpretations of usewear and residue studies have suggested that the gloss on use-polished flakes 
resulted from processing silica-rich swamp plants. The high proportion of use-polished flakes at 
Kunkundumku, Mamutjirra and Mulamani implies that these sites were located nearest to the source of 
whicheverswamp plants caused the polish. If this plant was spike rush (Eleocharis sp.), as indicated by 
experimental work (see Chapter 3), this species must have grown in the vicinity of these sites in prehistoric 
times. Exploitation of Eleocharis sp. rushes suggests an early to mid dry season time of occupation. By 
the late dry season, when water sources have receded, the rushes wither and die and only their corms 
remain, buried in mud.
There is overwhelming evidence that one of the primary uses of trigonal blades was as spear points. 
Additionally, it appears that unifacial and bifacial points served the same function (see Chapter 3). If such 
were the case for the wetland sites, more emphasis on land-based hunting strategies is indicated for 
Amakada, Kumunkuwi and Mound 2, perhaps related to occupation in the late dry/early wet season when 
wetland resources were minimal. At Amakada, it seems likely that, given the high proportion of quartz 
tools and flakes, and the comparative lack of woodworking implements, occupation was for short periods 
only, quartz being used opportunistically as the most readily available raw material.
The high proportion of grinding tools at Mulamani should be discounted as the sample may skewed. 
Many of the pestle/pounders recorded there came from a cache, made by one of the Aboriginal rangers (see 
Chapter 4). Although collected from the same site, such a large number may be unrepresentative of the site 
as a whole. However, the high percentage of grinding tools from Kumunkuwi suggests that this site was 
particularly favoured for grinding activities.
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The analysis demonstrated that, apartfrcm the higher proportion of retouched quartz from the excavation, 
the Kina surface site and the excavation were remarkably similar, in distributions of raw materials and tool 
types. These results indicate a considerable consistency in site use throughout the last 700 years or more.
Wet season occupation has been argued for thefiDund sites. Accordingly, it was expected that the stone 
tool assemblages from these sites would show significant variation from those at the other sites, given that 
wet season resource exploitation would have demanded different strategies, land-based rather than water- 
based. The strongest indication that the Mound sites were in fact occupied during the wet season was the 
comparatively higher proportion of unifacial and bifacial points and trigonal blades at Mound 2, assuming 
that these tools were used as spear points for the hunting of terrestrial animals. However, two other dry 
season sites (Amakada and Kumunkuwi) also had comparatively high proportions of trigonal blades. 
Unretouched and retouched quartz formed a comparatively high proportion of artefacts at both Mound 
sites, especially Mound 2. This fact may indicate that it was easier to use a local stone source, than to 
obtain exotic raw materials while the country was flooded. Apart from these factors and a high proportion 
of ground haematite pieces at Mound 2, no appreciable differences could be discerned between the Mound 
sites and the large open sites. It is suggested here, however, that this result was a function of the 
generalized nature of the stone tool kit, designed to cope with both wet and dry season exploitation 
strategies.
The considerable variation in distributions of retouched raw materials and tools between the Mound sites 
suggests that they were used for different purposes. It would be worthwhile sampling more mounds to 
etablish whether this distribution resulted from discrete activity areas occurring within groups of mounds.
5.7.3. Evidence for Regional Mobility
Good quality stone for flaking was in short supply at the wetland sites. The amount of bipolar working, 
especially of quartz, and the highly curated chert artefacts implies that what was available was used 
carefully. The presence of exotic raw materials (quartzite, chert, sandstone, haematite and ochre) and the 
fact that artefacts from these raw materials were not manufactured in situ, suggest that people using the 
wetland sites must have had contacts throughout Kakadu and perhaps beyond, or ranged over an extremely 
large area. Variation in distributions and colour of chert pieces indicate that occupants of sites north and 
south of Nourlangie Creek obtained this raw material from different sources. For the southern sites, the 
nearest known source was some 50km to the south at Barramundie Creek and the upper South Alligator 
River. Mulamani, lying north of Nourlangie Creek, was close to the chert sources of the East Alligator 
River. Quartzite was available from the escarpment and the outliers some 30-50km to the east of the South 
Alligator wetlands.
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5.7.4. South Alligator Wetlands: Site Use and Settlement Patterns
Without other indicators such as faunal and plant remains, it is difficult to isolate differences in site usage 
and seasonal occupation based solely on an examination of stone tool assemblages. However, a case may 
be argued for more emphasis on certain activities at certain sites, for example, more woodworking activities 
at Kina and Mamutjirra; more processing of silica-rich plants at Kunkundumku, Mamutjirra and 
Mulamani; more grinding at Kumunkuwi; and more land-based hunting activities at Mound 2.
The argument for seasonality of occupation is more tenuous. Even if the large open sites were inhabited 
at different times during the dry season because of seasonal availability of various items, occupation at 
other times cannot be excluded. However, an argument can be made for wet season occupation of the 
Mound sites. During this time, the large open sites are flooded and wedand resources inaccessible or 
dispersed. Further, the existence of the Mound sites, located on high ground adjacent to the wetland sites, 
and other nearby productive micro-environments (open woodlands and monsoon forests) implies that 
residence could have been maintained in the vicinity of the wetlands throughout the year.
Excavation of the Mound sites and the intact area at Kunkundumku may provide further information 
about subsistence strategies at different sites. Because the Mound sites are located above flood level, they 
may contain plant remains, in which case seasonality of occupation could perhaps be determined.
From the evidence presented above an archaeological model of s i te  use 
and settlement patterns on the wetland margins has been derived to infer:
1. The large open si tes  located adjacent to the wetlands were occupied 
during the dry season.
2. The mound s i tes  located in the woodland behind the wetland sites  
were occupied during the wet season.
3. Both the large open and mound sites were used for different 
act iv i t ie s  according to season and availability of resources.
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Chapter 6
The Wetland Sites in a Regional Context
6.1. Introduction
Given the enormous productive capacity of the wetlands, it seems likely that the formation of freshwater 
swamps in Kakadu would have had a major impact on the regional economy (Brockwell 1983:66; Jones 
1985a:293). This chapter investigates the role of the South Alligator wetland sites in the context of the 
regional subsistence economy, by comparing their stone assemblages (treated as a whole) with those from 
several rocksheiter sites in the outliers and plateau valleys of the escarpment in the south and north of the 
region (Allen 1987; Barton 1979; Jones and Johnson 1985a, 1985b; Kamminga and Allen 1973; Schrire 
1982). Subsequently, the archaeological evidence from the upper levels of the rocksheiter sites is examined 
for changes which could be linked with the establishment of freshwater conditions on the floodplains.
6.2. Comparison Between the South Alligator Wetland and Regional Rocksheiter 
Sites
6.2.1. Location
Anbangbang I is located in the Nourlangie-Mt Brockman outlier, on open woodland plains about 30km 
east of the wetland sites. A large lagoon, also called Anbangbang, lies close to the foot of the outlier (Jones 
and Johnson 1985b:39-64). Yiboiog is situated on top of Mt Brockman (Jones and Johnson 1985b:71-76). 
Nauwalabila I is located in Deaf Adder Gorge, an escarpment valley drained by Deaf Adder Creek, some 
20km southeast of Mt Brockman (Kamminga and Allen 1973:95-98; Jones and Johnson 1985a: 165-223). 
Djuwarr I is a small rocksheiter situated about halfway up the escarpment, also in Deaf Adder Gorge 
(Kamminga and Allen 1973:94; Jones and Johnson 1985a:224-27) (Figure 1:5).
Five sites (Paribari, Malangangerr, Nawamoyn, Ngarradj Warde Jobkeng and Malakunanja II) are located 
in outliers close to the floodplains of Magela Creek and the East Alligator River (Barton 1979; Kamminga 
and Allen 1973:23-28,29-36,45-52; Schrire 1982:45-145). Two sites, Jimeri I and Jimeri II are situated in a 
plateau valley, which is drained by a creek and opens out onto the floodplains of the East Alligator River 
(Kamminga and Allen 1973:84; Schrire 1982:146-226) (Figure 1:5).
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Sites most alike in terms of environmental location are the South Alligator River wetland sites and the 
northern plains sites (Paribari, Malangangerr, Malakanunja II, Nawamoyn and Ngarradj Warde Jobkeng), 
though the wetlands in the north are much closer to the escarpment than the wetlands in the south. In both 
northern and southern areas, freshwater wetlands abutt open wooded plains and pockets of monsoon forest 
occur frequently along the edges of the floodplains.
The situation of southern plateau valley sites (Nauwalabila I and Djuwarr I) is comparable with those 
from the north (Jimeri I and Jimeri II). Yiboiog and Anbangbang I occupy an intermediate position, 
located within an outlier between the escarpment and the floodplains. However, the resource base is likely 
to have been similar to that of the plateau valleys. Both areas contain seasonal swamps, monsoon forest 
thickets and mixed woodland communities.
6.2.2. Dating
The South Alligator wetland sites are probably no older than 1000 years BP and probably younger than 
this (see Chapter 4). Therefore, in order to make the various assemblages comparable, it was necessary to 
consider only the evidence from the upper levels of the rocksheiter sequences, as some have been dated to 
c.20,000 years BP. The dates for the upper levels of the rocksheiter sites are listed in Tables 6:1, 6:2 and 
Figure 6:1.
The surface and top level of Anbangbang I was dated to within the past 800-1000 years, Yiboiog to 
c.1000 years BP (Jones and Johnson 1985b:41). A surface collection only was taken from Djuwarr I, and 
the top 45cm of Nauwalabila I was dated to within the last 3000 years (Jones and Johnson 1985a: 181,224).
Paribari was dated to c.3000 years BP at its base, while the basal midden levels of Nawamoyn and 
Malangangerr were dated to c.7000 years BP and c.6000 years BP, respectively (Schrire 1982:229). The 
bottom of the midden at Ngarradj Warde Jobkeng has been dated to c.3500 years BP. The middle levels of 
the bone-rich sands underlying the midden at this site have an age of c.4000 years BP (Schrire 1982:228). 
There was some confusion created by Barton’s (1979) method of analysing the stone assemblages at 
Ngarradj Warde Jobkeng which related to change in flaked tool frequencies rather than to changes in 
stratigraphy (Schrire 1982:227). As a result, stone tool data from the upper three analytical units 
(interspersed between the surface dust, midden level and the underlying bone-rich sands) have been used in 
this comparison. Jimeri I has been dated to c.4000 years at base, though another date of 10,000 years BP 
from the basal rubble hinted at an earlier occupation. The upper level of Jimeri II was dated to c.4700 
years BP (Schire 1982:229).
Malakanunja II has not been considered here as the midden level has not been dated and there is no 
detailed data available on the stone artefacts (Kamminga and Allen 1973:47). For the other sites, it had to
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be assumed for the purposes of the comparison that the various assemblages were roughly contemporary 
(Meehan et al. 1985:138). However, this was not always the case, as will emerge below.
6.2.3. Stone Assemblages
Because the data sets from the northern and southern sites are not necessarily totally compatible, 
arguments in this chapter are based upon available percentage data, rather than statistical quantitative 
analysis. It is likely that the precision of data retrieval from the excavations undertaken in the 1980s was 
more precise than that in the 1960s. In some cases, a tool type has been classified differently from the 
analysis used here. For example, neither Schrire (1982), nor Barton (1979), used an edge rejuvenation 
flake category. These tools have probably been included in a retouched tool category. In the case of one 
site, Ngarradj Warde Jobkeng, all flaked tools were subsumed under only three categories (unifacial and 
bifacial points, chisel slugs and utilized flakes) (Barton 1979).
The ground haematite and ochre category has been omitted from the comparison. The comparatively 
high proportion of these tools in the northern sites would have dominated the other categories, and made 
comparison with the southern sites unfeasible. As the ground tool component of the assemblage from 
Ngarradj Warde Jobkeng was not analyzed, only the flaked tool component has been compared with those 
from other sites. Despite these problems, broad regional comparisons can be made, with important 
differences emerging between ecologically defined classes of sites.
Table 6:3 records the proportions of stone tools from all the regional sites, using the same categories as 
were used for the South Alligator wetland sites. The tool categories have been collapsed with functionally 
similar categories (Table 6:4, Figure 6:2) in the same way as they were for the analysis of the wetland stone 
assemblages (see Chapter 5). Thus, unifacial and bifacial points have been grouped with leiliras; chisel 
slugs and edge rejuvenation flakes have been combined within a single woodworking category; mortar 
dishes, grinding slabs and pestles have been combined into a grinding tool category; and abraded pieces 
have been counted with hatchets or grinding tools, where appropriate. For this analysis, retouched and 
utilized pieces have been combined as one category to make them comparable with the classifcation used 
by the ANU Kakadu Consultancy (Meehan et al. 1985:138). The wetland sites have been treated as a 
whole and include the data from the Kina excavation and the Mound sites.
6.23.1. Unifacial, Bifacial and Trigonal Points
For the southern sites, proportions of unifacial, bifacial and trigonal points were comparatively low at the 
wetland sites (7%), and higher at Anbangbang I (17%), Yiboiog (49%), Nauwalabila I (28%) and Djuwarr I 
(39%).
At the northern plains shelters of Ngarradj Warde Jobkeng (70%), Paribari (15%) and Malangangerr
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Archaeological Sites
Excavation Depth ANU
Site Pit unit (cm) nos Date
Anbangbang 1
ANBB1 Q9SW 3 0-10 3775 Modern
4 10-14 3774 Modern
5 14-17 3773 580 + 70
6 17-20 3772 1220 + 70
8 23-30 3206 5770 + 100
S9SW 7 27-35 3771 Modern
T8NW 15 46-49 3208 420 + 60
U17NW 13 53-59 3207 790 + 80
Spirit Cave Nourlangie
SP1 SW 7 39-49 3211 2490 + 200
Blue Paintings Site
Nawulangdja (Little Nourlangie)
BP1 Q10 12 51-64 3210 7900 + 200
Yiboiog
YBG T61 15 75-80 3209 1110 + 80
Kina (Giina)
Gii SE 4 45-60 3212 280 + 140
Lindner Site
Nauwalabila 1
NLB1 L29 12 27-31 3177 2180 + 80
L29 17 42-46 3178 2970 + 80
L29 24 69-72 3179 4040 + 100
L29 27 77-81 3180 5860 + 90
L29 29 85-88 3181 5990 + 180
L29) 52) 174-179 3182 12000 + 600
L28) 51)
Table 6:1 Radiocarbon Determinations for Sites Excavated in Southern Kakadu, 
1981 (after Jones and Johnson 1985b:41)
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Date Site Level Position Years BP
ANU-17 Paribari III Midden near bottom 3210 + 100GaK— 62 6 Malangangerr Midden: Level la Near top of midden 370 + 80GaK-627 Malangangerr Midden: Level lb Base of midden 5980 + 140ANU-19 Malangangerr Sands: Ilia ca. 60 cm below base of midden 18000 ♦ 400GaK-629 Malangangerr Sands: Illb Sands 22700 + 700GaK-628 Malangangerr Sands: nib Sands 19600 + 550ANU-77a Malangangerr Sands: nib 77b considered by radiocarbon lab to
be better date of the two and suggest (24800 + 1600
ANU-77b Malangangerr Sands: Illb that interpretations be based on it (22900 + 1000ANU-53 Nawamoyn lb Earliest accumulation of midden
(bottom lb) 7110 ♦ 130
ANU-51 Nawamoyn Illb Sand Charcoal 25 cm below midden 21450 + 380GaK-630 Jimeri I I Modern 230GaK.-631 Jimeri I II 1900 ♦ 90GaK-632 Jimeri I III 10790 + 200ANU-52 Jimeri I III Base of point industry 3820 + 100ANU-SO J ime ri II lb Date just after earliest level point-
scraper industry 4770 + 150ANU-18 Jimeri II III Dates main (middle?) part early 6650 500
Tibia 6:2a
industry
C. Mbita (Scbrira) - Plataau/Plain Sita» »tntigriphy »nd chronology (»ftar Jonas and Nagaravicb 1985:5)
Date Site
SUA-163 Ngarradj Warde Jobkeng
SUA-164 Ngarradj Warde Jobkeng
SUA-225 Ngarradj Warde Jobkeng
SUA-16S Ngarradj Warde Jobkeng 
Feather Dreaming
SUA-263 Malakunanja II
SUA-264 Maiakunanja II
SUA-264 Malakunanja II
SUA-265 Malakunanja II
SUA-226 Burial Cave,NOU I 
(Nawulandja)
SUA-162 Burial Cave NOU I 
(Nawulandja)
SUA-161 Nangalawurr
SUA-243 Leichhardt Site
SUA-244 Leichhardt Site
SUA-235 Lindner Site,Nauwalabila
SUA-236 Lindner Site,Nauwalabila
SUA-237 Lindner Site,Nauwalabila
Level
underlying topmost sterile sand 
midden
sand below midden
brown 3andy deposit
dark brown and reddish-brown
sand
burial pit into top of midden 
estuarine midden, charcoal
estuarine midden, shell
yellowish sand 
midden
reddish-brown consolidated 
sand
reddish-brown consolidated 
deposit 
40-45 cm
yellowish-red sand 
dark brown 3and 
dark reddish-brown 3and 
brown sand with gravel
Position Years BP
top 545 + 90
near base 3450 ♦ 125
middle 3990 + 195
near base 8 690 + 125
not idated
top 450 + 80
base of midden 
65-88 cm depth
6355 - 250
base of midden 
65-78 cm depth
6360 + 100
middle 18040 ♦ 300
top? <200 iuodern
base 8625 + 350
base of unit 755 •f 125
base of reddish 
sand
2130 + 55
70-90 cm 5045 + 125
depth 40-45 cm 3070 + 85
depth 125-130 cm 13195 + 175
depth 170-190 cm 19975 ■f 365
Tibia 6:2b Itammi nga and Allan 
Jones and Negerevich 1985:7) Stratigraphy and chronology (Final results in Gillespie and Temple 1976, 1977) (after
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Figure 6:1 Stratigraphic and Chronological Sequences from Kakadu Sites. 
Excavated by Schrire, Kamminga and Allen (after Jones and 
Negerevich 1985:6)
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Sites Assemblage 
Total No.
Tool Points
Total No.
(minus 
Haematite 
& Ochre)
Wood­
working
Use-
Polish
Retouched/ Hatchets Grinding
Used & Fragments Tools
SOUTH
Wetlands 16,055 929 7 28 13 30 7 15
Anbangbang 1 1061 82 17 8 - 10 32 33
Yiboiog 2086 39 49 15 - 18 5 13
Nauwalabila 1 20,826 208 28 29 - 9 24 10
Djuwarr 1 3378 228 39 24 - 24 6 7
NORTH
Paribari 926 77 15 21 10 45 3 6
Malangangerr 468 50 34 14 - 40 - 12
Nawamoyn 441 61 7 - 5 3 1 21 36
Ngarradj
Warde Jobkeng* 346 70 14 - 16
Jimen 1 17,933 877 33 23 - 40 1 3
Jimeri II 19,409 591 33 18 ” 45 1 3
* No information re ground tools
Table 6:4 Regional Stone Tool Assemblages Collapsed Categories (Percentages)
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Regional Stone Tool Assemblages, Percent
S i t e  ro cd co
o  o  o  o  o
Wetlands 
Anbangbang I 
Yiboiog 
Nauwalabila I 
Djuwarr I 
Paribari 
Malangangerr 
Nawamoyn 
Ngarradj 
Jimeri I 
Jimeri II
■ ^ ei 13 nm
“0o_
CO
ooQ_
£o
— T
Z3"(Q
Cl JJ
CO CD
“0 c  O o
CÖ'
C
CO
CDQ_
XCDI »■
0°
~n—t
CD
C Q
CO
O
Zj"Q.
=3’ca
Ho
o_
co
Figure 6:2 Regional Stone Tool Assemblages
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(34%), there was a higher proportion of these points than there was at the South Alligator wetland sites. 
Nawamoyn (7%) was more like the wetland sites in this regard. However, like the outlier and plateau 
valley sites in the south, Jimeri I (33%) and Jimeri II (33%) both contained a high proportion of points. 
The percentage of points recorded for Ngarradj Warde Jobkeng is disproportionately high compared with 
other stone tool categories, as Barton (1979) did not include ground implements in his analysis. If they had 
been calculated, the proportion of points would be lowered.
6.2.3.2. Woodworking Tools
The number of woodworking tools at Anbangbang I was low (8%), but formed a higher percentage at 
Yiboiog (15%), Nauwalabila (29%), Djuwarr I (24%) and the South Alligator wetland sites (25%).
In the north, woodworking tools were comparatively more numerous at Paribari (21%), Jimeri I (23%) 
and Jimeri II (18%), than at Malangangerr (14%), Nawamoyn (none) and Ngarradj Warde Jobkeng (14%).
6.2J.3. Use-Polished Flakes
Use-polished flakes formed 13% of the tool assemblage from the South Alligator wetland sites, but were 
absent from Anbangbang I, Yiboiog, Djuwarr I and Nauwalabila I.
Use-polished flakes occurred at the northern plains sites of Paribari (10%) and Nawamoyn (5%), but were 
not found at Malangangerr or Ngarradj Warde Jobkeng. They were also absent from the plateau valley 
sites, Jimeri I and Jimeri II.
6.2.3.4. Retouched and Utilized Pieces
The retouched/usewear category was more numerous at the South Alligator wetland sites (30%), Yiboiog 
(18%) and Djuwarr I (24%), than at Anbangbang I (10%) or Nauwalabila I (9%).
At the northern sites, these tools occurred in similar proportions at the plateau valley sites, (Jimeri I 40%; 
Jimeri II 45%), and the plains shelters (Paribari 45%; Malangangerr 40%; Nawamoyn 31%), except at 
Ngarradj Warde Jobkeng which had a lower proportion (16%).
6.2.3.5. Hatchets
Edge-ground hatchets were common at the southern sites of Anbangbang I (32%) and Nauwalabila I 
(24%), but less common at the wetland sites (7%), Yiboiog (5%) and Djuwarr I (6%).
In the north, edge-ground hatchets were most numerous at the plains shelter, Nawamoyn (21%), and all 
but absent from the other sites (Panbari 3%; Malangangerr none; Jimeri I 1%; Jimeri II 1%).
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6.223.6. Grinding Tools
Grinding tools were comparatively common at the wetland sites (15%), and the outlier sites (Anbangbang 
I 33%; Yiboiog 13%). They were less common at the plateau valley sites (Nauwalabila I 9%; Djuwarr I 
6% ).
In the north, they occurred most frequently at the plains site of Nawamoyn (33%) and Malangangerr 
(12%), but were less common at Paribari (6%) and the plateau valley sites (Jimeri 1 1%; Jimeri II 1%).
6.2.4. Results and Implications
In general it can be said that the major difference between the regional tool kits was not one of type but 
proportion of types. It can be argued that this variability reflects differences in site location and economic 
base.
It seems reasonable to assume that the occupants of the southern outlier and plateau valley sites, being 
located inland, probably practised predominantly land-based subsistence strategies, while the wetlands 
people concentrated on water-based strategies. The most obvious differences between the stone tool kits 
from the two areas reflect this dichotomy well; the higher proportion of points at the outlier and plateau 
valley sites indicate hunting of large terrestrial game; and the exclusive occurrence of use-polished flakes at 
the floodplain sites suggests the processing of silica-rich plants available only from freshwater wedands 
(see Chapter 3).
In addition, it seems that at Nauwalabila I and Djuwarr I stone materials for point manufacture were 
quarried locally and final production took place at these sites (Jones and Johnson 1985a). This conclusion 
was reached because several quartzite quarries are located in Deaf Adder Gorge; most points were made 
from quartzite; and there was a large amount of quartzite debitage reovered from both sites. This was not 
the case at the wetland sites where most flaked stone, except quartz and quartz crystal, was imported and 
only secondarily retouched at the sites (see Chapter 5).
This evidence echoes the differences found by Schrire (1982; White 1982) between the stone assemblages 
from the northern sites in the plateau valley (Jimeri I and Jimeri II) and on the plains (Paribari, Nawamoyn 
and Malangangerr), after 7000 years BP. The plateau valley sites contained few organic remains, but 
relatively large numbers of stone artefacts. Use-polished flakes were absent On the other hand, the outlier 
sites on the plains were rich in organic remains in the form of middens, containing large amounts of 
estuarine shell, plant remains and bone. The few stone tools present including use-polished flakes, were 
imported. Based on this evidence, Schrire (1982:249) concluded that occupants of the plateau valley 
manufactured stone tools in situ and employed mainly land-based subsistence strategies. In contrast the 
inhabitants of the plains shelters did not make stone tools, but relied mainly on bone, shell and wooden 
tools to pursue their primarily water-based stratagies.
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However, the situation in the north was not as clear-cut as that in the south. The comparison between 
regional tool kits has demonstrated that all plains sites, except for Nawamoyn, had proportions of points 
more like the inland sites than the South Alligator wetland sites. Additionally, at Ngarradj Warde Jobkeng, 
it appears that before 3500 years BP, the occupants pursued a predominantly land-based subsistence 
strategy, hunting terrestrial fauna and manufacturing stone artefacts in situ. This pattern is more like that of 
the plateau valley sites than that of other plains sites (Kamminga and Allen 1973:30; Schrire 
1982:228,233,251).
The length of broken unifacial and bifacial point tips at the South Alligator wetland sites were 
significantly longer than those from Nauwalabila I and Jimeri I (see Chapter 3), perhaps indicating they 
were employed differently at the floodplain and inland areas. The high proportion of woodworking tools 
for all sites suggests that regionally wood featured prominently in extractive activities. However, evidence 
presented in Chapter 3 indicates that chisel slugs from the South Alligator wetland sites were used 
differently from those at Nauwalabila I. Such evidence emphasizes the different economic roles played by 
sites in different environmental locations (Jones and Johnson 1985a:208).
6.3. Environmental Change and Impact on Subsistence Stategies
63.1 . Shell Middens
As explained in Chapter 2, regional down-cut river valleys were flooded c.7000 years BP, following 
post-Pleistocene sea level rise. Subsequent sedimentation led to mangrove invasion and estuarine 
conditions. This ’big swamp’ phase lasted until approximately 5000 years BP. On the upper South 
Alligator and Magela Creek floodplains, this period was followed by the development of saline and 
hyper-saline mudflats. Freshwater wetlands were subsequently established between 1500 and 1000 years 
BP in these areas. The establishment of, and compositional changes in, middens from the plains shelters of 
the north can be linked with these events.
Schrire (1982:85,234,249; White 1967a, 1967b, 1971) argued that the emergence of estuarine swamps 
was the major environmental event to affect the regional economy from mid-Holocene times onwards. At 
c.6000 years BP, midden deposits, containing large quantities of mangrove/mudflat shellfish species, built 
up in the plains sites of Malangangerr, Malakanunja II and Nawamoyn. The same event was dated from 
c.3500 years BP at Ngarradj Warde Jobkeng and from c.3000 years BP at Paribari (Schrire 
1982:228-29,251). However, from a review of the evidence and further dating of midden surfaces, Allen 
(1987:6-7, in press) suggested that these sites were abandoned c.3000 years BP.
The geomorphological evidence provides an explanation for this event. The development of 
unproductive saline mudflats following the decline of productive mangrove areas by c.3000 years BP (see
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Chapter 2) suggests that, as a result, occupants of the plains shelters left to seek more productive resource 
zones (Allen 1987, in press). After 3000 years BP, middens containing estuarine shell were increasingly 
concentrated on the floodplains themselves, close to riparian mangrove zones along creeks and palaeo- 
channels (Woodroffe et al. 1986:133, 1988:97), rather than on the fringes of the floodplains. This site 
distribution reinforces the interpretation of events.
The existence of an intermediate saline mudflat phase in the development of the floodplain is consistent 
with and confirmed by the compositional changes in the middens in the nearby archaeological sites. At 
Malangangerr, Nawamoyn and Paribari, there was a shift over time from exploitation of the bivalve species 
(Geloina coaxans) in the lower levels to a mud whelk (Cerithidea sp.) in the upper levels (Schrire 
1982:233). At Ngarradj Warde Jobkeng and Malakanunja II, the Cerithidea obtusa was dominant 
throughout the midden levels (Kamminga and Allen 1973:46; Schrire 1982:233). Both species are found 
today in the landward fringing intertidal mangrove/mudflat zone. However, G. coaxans is more likely to 
cluster in tangled mangrove roots, while Cerithidea sp. prefers a less vegetated habitat, such as saline 
mudflats (Allen in press; Meehan 1982:64; Schrire 1982:233; Woodroffe 1988:96).
At Paribari, estuarine shell species were replaced by large numbers of freshwater mussel shells in the 
upper levels of the midden, an event which has not been dated (Schrire 1982:52). This change suggests a 
major shift in subsistence focus from estuarine to freshwater resources in the late Holocene, coincident with 
the establishment of freshwater conditions on the floodplains. Additionally, there are several large open 
sites adjacent to the Magela Creek and East Alligator River freshwater wetlands, similar to those located on 
the South Alligator River wetlands (Allen 1978:1-2; Kamminga and Allen 1973:14). Despite the 
geomorphological and archaeological evidence, Schrire did not link the events.
The major shift to exploitation of freshwater shell species did not occur at Malangangerr, Malakanunja II, 
Nawamoyn or Ngarradj Warde Jobkeng (perhaps because these sites were located too far from the 
freshwater wetlands), but some freshwater mussel shell was present in the upper levels of these sites 
(Kamminga and Allen 1973:45; Schrire 1982:233). Allen (1987:6-7, in press) argued that, after 3000 BP 
when these sites were abandoned, the presence of freshwater shell indicated only brief reoccupation within 
the last 1000 years.
Given the date of c.3000 years BP from the base of the midden at Paribari and c.3500 years BP from the 
nearby site of Ngarradj Warde Jobkeng, and Allen’s (1987) argument for abandonment of sites in the area 
about 3000 years BP, it is likely that both sites were occupied only briefly at this time. If Paribari was to be 
redated, an hiatus of occupation of c.1500 to 2000 years would probably be found between the top of the 
estuarine midden and the basal level of the freshwater shell which, according to the environmental 
evidence, should have a date of c.1500 years BP or younger (see Chapter 2).
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63.2. Stone Tools
If the development of freshwater wetlands in northern Kakadu c. 1500-2000 years BP is taken into 
account, Schrire’s archaeological evidence can be re-evaluated. At Paribari, the majority of unifacial and 
bifacial points occurred in the lower, older midden levels when estuarine conditions were still dominant. In 
the upper levels, where the organic remains indicated the dominance of freshwater conditions, points did 
not occur at all. This tool distribution resembles that of the South Alligator wetland sites, which generally 
lacked points. Further, the majority of use-polished flakes at Paribari appeared in the upper levels. Such 
was also the case in the top level at Malangangerr. Abandonment of Nawamoyn and Ngarradj Warde 
Jobkeng coincident with the development of saline mudflats c.3000 years BP, and only brief reoccupation 
thereafter may explain the absence of use-polished flakes at these sites.
The evidence presented above confirms that changes in floodplain conditions from the mid to the late 
Holocene had a major impact on subsistence strategies employed by the inhabitants of rockshelters 
immediately adjacent to the floodplains. It is likely that these events also influenced the occupants of the 
plateau valleys and escarpment outliers. This proposition is examined below.
63.3. Stone Artefact Densities in the Plateau Valley and Outlier Sites
If it is accepted that the rate of stone artefact discard is related to intensity of site use, the regional 
archaeological evidence indicates that, during the mid to late Holocene, changes occurred in the regional 
economy which allowed more intensive exploitation of resources. These changes may be related to the 
evolution of the floodplains. Here, the concept of ’intensity of site use’ is used to determine gross 
occupation rates rather than any ’distinct sorts of behaviours’ (Hiscock 1981:32).
Artefact densities from rockshelters so far investigated in the Nourlangie-Mt Brockman (Anbangbang I 
and Yiboiog) area suggest that there was an increase in site occupation between 1200 and 1500 years BP. 
Prior to that time, there appears to have been low level occupation going back to 6000 years BP (Jones 
1985:292). At the plateau valley site of Nauwalabila I, there was an increase of site use c.3000 years BP. 
This event could be related to subsistence focus becoming increasingly concentrated on plateau valleys, 
following the retreat of estuarine resources from the margins of the floodplains after 3000 years BP. About 
1000 years BP, artefact densities at Nauwalabila I declined to a third of this peak (Jones 1985:296). Jones 
(1985:296) has speculated that both these events are related to the formation of the South Alligator 
freshwater wetland system c. 1400 years BP, acting as a magnet attracting people out of peripheral areas.
In the north at the plateau valley sites of Jimeri I and Jimeri II, the gross division of levels for analysis 
and lack of relevant dating prevents correlation of artefact densities with phases of evolutionary change in 
floodplain conditions. However, similar trends can be deduced from the information available. At Jimeri I, 
the deposit was divided into three levels. The highest stone artefact densities occurred in the lower two
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levels, dated at base to c.4000 years BP until c.1900 years BP, at a point just below Level I. The upper level 
(dated as modem from 5cm below the surface) had a markedly lower density of artefacts (Schrire 
1982:151-53) (Table 6:2). These data are consistent with increased occupation of the region in general, 
following the emergence of estuarine conditions, and decreased occupation of plateau valley sites with the 
establishment of freshwater conditions on the plains.
An identical interpretation can be argued from the evidence at Jimeri II, where the deposit was also 
divided into three levels. The main deposition of the early stone industry was dated from c.6500 years BP 
at the top of Level III (increased occupation of the region with estuarine conditions). The middle of Level I 
was dated from c.4700 years BP. The highest density of stone artefacts occurred in this upper level, which 
was arbitrarily divided into two layers for analysis. Artefacts were less densely distributed in the upper 
layer (Level la) (less occupation following the development of freshwater wetlands) (Schrire 
1982:195-96,198).
6.3.4. Regional Rock Art
Rock art is found exclusively in the escarpment, plateau valleys and outliers of the Kakadu region, where 
the walls of the rockshelters offer suitable surfaces for painting and afford protection from the weather.
Chaloupka (1984:42-47) has attempted to date Holocene rock art by relating its subject matter to 
evolutionary changes in floodplain conditions and the consequent changes in the nature of the resource 
base. He defined an ’Estuarine Period’, characterized by the appearance of animals, particularly fish, 
which flourished in the region with the emergence of estuarine conditions. This period included 
naturalistic figures, and decorative and descriptive representations of the ’X-ray style’. Clarity of 
presentation allows many animals to be identified to species level, such as barramundi (Lates calcarifer), 
mullet {Liza diadema), lesser salmon catfish {Hexanematichthys leptsaspis) and saltwater crocodile 
{Crocodylus porosus).
The Estuarine Period is succeded by the ’Freshwater Period’, in which freshwater faunal and floral 
species are depicted, (for example, jabirus (Xenorhynchus asiaticus), waterlilies {Nelumbo nucifera) and 
magpie geese (Anseranus semipalmata). People are portrayed hunting these animals with specialized 
equipment, such as bundles of short spears mounted in long spearthrowers, or poling rafts to collect 
waterbird eggs. Hunters are also shown carrying fans made from birds’ wings (Chaloupka 1984:49) 
(Figure 6:3).
Lewis (1988) has disputed this analysis. He has divided the recent art of the region according to changes 
in the main types of weapons which are depicted. Thus, he has defined a ’Boomerang Period’, a ’Hooked 
Stick/Boomerang Period’, a ’Broad Spearthrower Period’ and a ’Long Spearthrower Period’. He placed
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these categories in a temporal sequence by relating them to dates for the extinction of Thylacine and 
Tasmanian Devil (Sarcophilus harrisii) (both depicted in the art), regional archaeological changes in stone 
tool technology, as well as environmental evolution of the floodplains. On this basis, Lewis argued that the 
Broad Spearthrower Period can be dated from between 6000 and 3000 years BP and the Long Spearthrower 
Period from 3000 years BP onwards. Lewis considered that changes in spear technology were directly 
related to the changes in resource base.
Tacon (1987) has attempted to reconcile the two approaches by examining the X-ray art of the region. He 
has divided this style into ’Early’ and ’Late’ periods, based on the form and complexity of the subject 
matter. The later period is dated from 2000 years BP and Tacon suggested that about 90% of regional 
X-ray art, depicting mostly freshwater fauna, is confined to this period. He has also suggested a 
transitional period, dated to c.3000 years BP, where both freshwater and terrestrial species are represented.
6.4. Seasonality of Site Use
The presence of faunal remains of mammals, available year-round, suggests that Anbangbang I and 
Djuwarr I may have been occupied throughout the year. At Anbangbang I, Ciconiidae remains (probably 
jabiru [Xenorhynchus asiaticus]) suggests dry season habitation, as this species is resident only during the 
dry season. The presence of emu egg shell confirms dry season occupation at both sites (Foley 1985).
Estuarine shells and faunal remains of mammals from the northern plains shelters (Paribari, MaUmgangen 
and Nawamoyn) suggested year-round occupation, while other bones indicated specific seasons, especially 
those of magpie goose (Anseranus semipalmata (dry season) and magpie goose shell (late wet season). 
Emu egg shell at Malangangerr suggested dry season site use (Schrire 1982:236).
Plants provide more precise indications of seasonality than fauna, as they flower and fruit at specific 
times. At Anbangbang I, macroscopic plant remains were recovered from the surface and upper levels of 
the deposit (dated to 800 years BP) (Clarke 1985, 1989). On the basis of seasonal availability of these 
plants, Clarke (1987:310,314) has argued that the site was occupied during the early dry season, mid to late 
dry season and the wet season, with an emphasis on early dry season occupation. This conclusion did not 
imply that occupation was continuous year-round, but rather ’occupation at times when particular resources 
were available’ (Clarke 1987:310). At Djuwarr I, the macroscopic plant remains from the surface of the 
site suggested a mainly dry season use, with some occupation during the wet season (Clarke 1987:311).
At Paribari, plant remains indicated occupation in all seasons, but with an emphasis on dry season 
exploitation (Schrire 1982:23). In a reassessment of this evidence, Clarke (1987:311-13) argued that the 
site was occupied predominately during the late dry season, which accords well with the high productivity 
of freshwater wetlands during this time (see Chapter 2).
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Figure 6:3 Rock Art of the Freshwater Period
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6.5. Evidence of Regional Mobility
6.5.1. Plant and Faunal Remains
Bamboo (Bambusa arnhemenica) and paperbark (Melaleuca sp.), both freshwater wetland species, were 
recovered from Anbangbang I and Djuwarr I (Clarke 1987:300). This evidence, together with faunal 
remains of two floodplain sedge species, Collett’s rat (Rattus colletti) at both sites, and big quail (Coturnix 
chinensis) at Anbangbang I (Foley 1985:100-101), suggests contact with the South Alligator wetlands.
The depiction of estuarine and freshwater animal and plant species in the art of the outliers and the 
escarpment provides evidence that people inhabiting inland areas had contact with the floodplains. 
Furthermore, the art records changes in resources associated with floodplain evolution, inferring that 
contact had been maintained over a long period of time.
6.5.2. Stone Resources
At most South Alligator wetland sites, stone for flaking, especially chert and quartzite, was imported (see 
Chapter 5). As these raw materials had specific origins to the south and north, sometimes up to 50km 
away, extended regional contacts are indicated for the occupants of the wetland sites.
6.6. Mound Sites in Northern Australia
Although mound sites have been reported elsewhere in Kakadu, located in monsoon rainforest along the 
edges of the East Alligator River floodplains (J. Kamminga pers. comm.), they have not been described in 
detail. Therefore, in order to put the South Alligator Mound sites in regional perspective, information 
about similar sites in analogous areas of northern Australia has been included below. The frequency and 
variety of mound sites in northern Australia merits further attention, and would form a separate study in 
itself.
Mounds, both earth and shell, are a common archaeological feature in northern Australia. Some 
particularly spectacular examples of large shell mounds, up to 10m high, are to be found near Weipa and 
Aurukun in Cape York Peninsula (Bailey 1977; Cribb 1986), and at the mouth of the Blyth River in 
north-central Arnhem Land (Meehan 1982). They are also common on the coast adjacent to the Arafura 
Swamp (Peterson 1973) and at Groote Eylandt (Tindale 1974). A range of interpretations for use and 
seasonal occupation of mound sites have been presented by various researchers. These interpretations 
usually include wet season occupation, based on considerations of the situation and height of the mounds, 
and the fact that wet season fruiting trees are often found nearby.
Baker (1981:80-82) recorded a number of earth mounds located on top of beach ridges at Point Stuart, 
100km northwest of the Alligator Rivers region. Although these mounds are adjacent to the coast, they are
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also close to the freshwater floodplains of the lower Mary River (Sampan Creek) (Figure 1:4). Baker 
(1981:77) concluded that these sites were inhabited in the wet season, based on the fact that the mounds 
tend to occur on the landward side of the beach ridge where freshwater is available, as well as protection 
from the northwest monsoons. These mounds lacked a wide range or dense distribution of stone tools, 
which Baker (1981:81) suggested was the result of a narrow economic focus based on fish, shellfish and 
wet season fruits from the beach ridge trees. He argued that dry season occupation was focussed on inland 
freshwater lagoons and creeks (1981:82).
Further inland, Baker (1981:74-75) recorded several shell mounds on the coastal plains themselves. They 
were located in close proximity to a variety of ecological zones, including coastline, monsoon forest, 
pandanus scrub, freshwater and estuarine areas. The largest mound was 60m in diameter and 1.25m high. 
Baker considered the height of most mound sites to be inadequate for habitation in the peak wet season, 
though sufficient for occupation in the early and late wet season. Additionally, the mounds were well- 
placed for exploitation of dry season resources. At one mound site, Baker (1981:25) hypothesized that the 
density and diversity of stone artefacts indicated year-round occupation.
Schrire (1968:9-10) excavated one of three earth mound sites located in a patch of pandanus scrub, on the 
open wooded plain adjacent to the freshwater floodplains of the Adelaide River at Humpty Doo (40km 
southeast of Darwin) (Figure 1:4). The excavation yielded stone artefacts and organic material, including 
faunal and human remains, bone tools and shells. These remains suggested that the occupants were 
exploiting the products of both the floodplain (fish and tortoises) and the open savanna (goannas, wallabies 
and bandicoots). The shells were mainly Geloina sp., a mangrove/mudflat species. Of the stone tools, 
bifacial points and adze scrapers were the predominant types. The bone tools featured both bipoints and 
unipoints. The similarity of this situation with the South Alligator Mound sites is immediately obvious. 
The evidence from the Humpty Doo mounds could be interpreted as indicating wet season habitation 
(land-based indicators - savanna animals, stone points), with some early or late wet season occupation 
when freshwater floodplain resources were also exploited.
Peterson (1973) reported earth mounds in the vicinity of the Arafura Swamp (Figure 1:4). They occurred 
in clusters of two to 20, or more. They ranged from 4.5m to 13m in diameter and from 0.5m to one metre 
in height, and were composed of earth. These mounds were located in a sandy fan delta complex, adjacent 
to the foot of a nearby escarpment, monsoon and open forest, and close to permanent waterholes (Peterson 
1973:186).
On the Blyth River in north-central Arnhem Land, at Balpildja Swamp (Figure 1:4), Meehan (1988:6,12) 
reported a series of earth mounds which lie between woodland and the swamp. They were about 20m long, 
10m wide and two metres high. They were composed of nodules of termite nest and artefactual debris such 
as bones, shell, stone and charcoal. These mounds have been dated to 1500 BP, at which time they were 
located near to a former coastline, now several kilometres further north (Meehan 1988:2, in press).
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Cribb (1986:151) reported earth mounds to the north and west of the Aurukun settlement on western Cape 
York as being similar to those described by Peterson (1973). The mounds were described as ’slightly 
raised clay platform[s] or flattened dome[s] about 0.5m high which may or may not contain an overlay of 
shell midden’ (Cribb 1986:151). The geographical location of these mounds was not clear from Cribb’s 
description. However, this area, though located much closer to the sea and associated vegetation zones 
than the South Alligator River sites, shares a similar climate and landforms, with broad black soil 
floodplains, open savanna and patches of monsoon vineforesL There are also many large shell mounds 
located on the edge of the floodplains, bordering salt pans which lie within easy walking distance to 
mangrove areas (Cribb 1986:145). Cribb (1986:148) has interpreted these mounds as probable wet season 
sites, though whether they represented base camps, overnight camps or sites for temporary subsistence, 
processing and consumption activities cannot be determined.
6.7. Regional Archaeological Models of Site Use and Seasonal Movement
Originally, Schrire (White 1967b) argued that differences between the archaeological assemblages of the 
plains and plateau valley sites indicated the presence of two groups of people with different economic 
traditions. An analysis of the organic remains from Paribari indicated that the plains were occupied in both 
wet and dry seasons, and the inhabitants of these rockshelters exploited a range of land-based and water- 
based resources. They relied mainly on estuarine shell and bone for tools and imported finished stone tools 
from the plateau valley. The residents of the plateau valley remained there all year round making stone 
tools and exploiting land based resources.
Later, Schrire (White 1971; White and Peterson 1969) concluded that the sites were occupied by people 
belonging to the same group. The differences between the two areas were attributed to seasonal variation 
of residence, diet and economy. This model suggested dry season occupation of the plains and some 
movement to the plateau valleys during the wet season.
More recently, in the light of evidence for environmental degradation of the floodplains through the
impact of feral animals, Schrire revised the model again suggesting:
...that the plain was more congenial to year round occupation before the impact of feral animals took its toll 
on plants and animals. One might well imagine minor retreats to higher ground at peak wet, rather than major 
movements into plateau valleys. In this light the technological variations seen in the prehistoric sites should 
be regarded less as a mirror of major human transhumance than a reflection of the relative availability of 
certain resources in relation to particular sites (1982:251).
Schrire emphasized the major impact that the appearance of estuarine floodplain conditions had in the 
region c.6000 years BP. However, in the upper levels of the plains site Paribari, changes in midden 
composition indicated a major shift from estuarine to freshwater exploitation c.1000 years BP. In addition, 
large open sites, similar to those of the South Alligator wetlands, have been reported adjacent to the East 
Alligator freshwater floodplain. In her conclusions, Schrire failed to account for the formation of the
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freshwater wetlands which, given their productive capacity, must have had an even bigger impact on 
regional economic strateies than the establishment of estuarine conditions. More recently, however, she 
has modified her viewpoint:
... unless we postulate that people lugged shellfish for vast distances from their source to the shelters, we 
must reject the notion that the environment has been unchanging for 6000 years ... and envisage instead a 
major environmental shift from extensive estuarine to freshwater swamp conditions in the past six millennia 
(Schrire 1984:83).
The mid to late Holocene environmental changes on the floodplains were reflected in the occupation rates 
of the inland rockshelters. Use of plateau valley and outlier shelters throughout the region increased after 
7000 years BP, coincident with the emergence of estuarine conditions on the floodplains. Rock art 
attributed to this period depicts estuarine fauna. About 3000 years BP, mangrove swamps declined and 
unproductive saline mudflat conditions developed. This event forced a relocation of subsistence focus, 
reflected by increased occupation of the southern plateau valley site of Nauwalabila I. A mix of terrestrial 
and aquatic fauna are depicted in the rock art of this period. Somewhere between 1500 and 1200 years BP, 
occupation of Anbangbang I, located on the plains between the escarpment and the floodplains of the south, 
increased dramatically. Other sites in the same area (for example, Yiboiog) were occupied for the first 
time. During this period, there was a marked decline in the rate of stone artefact deposition in the upper 
levels of plateau valley rockshelters (Nauwalabila I and the Jimeri sites). This evidence can be related to 
the emergence of freshwater wetlands c.1500 years BP, allowing increased occupation of the region as a 
whole and attracting plateau valley dwellers to the floodplains. The impact of freshwater conditions on the 
regional economy has also registered in the rock art of the shelter sites where freshwater fauna, flora and 
associated specialized weaponry are common.
The archaeological evidence suggests that, once formed, freshwater wedands were the major subsistence 
focus in the region. However, this event does not necessarily undermine Schrire’s model of seasonal 
movement for the northern sites, though it is broad enough to cover any event and not particularly easy to 
test or helpful in interpretation.
As Clarke has observed:
The point to consider here is that in the northern section of the region there could well have been a much 
closer relationship between plateau and plain given the conjunction of the two landscapes. In the southern 
section of the Park where these southern topographical elements are more widely separated a different system 
of prehistoric land-use could be expected (1987:307)
In the south, a much more distinct pattern of seasonal movement can be inferred. The distances between 
plateau valley and wetlands were such as to suggest that they were owned by different groups. 
Unfortunately, this proposition is untestable archaeologically as the tool traditions were the same for both 
areas. However in Chapter 5, it was argued on the basis of availabilty of resources and presence of wet 
season sites in the form of mounds, that it was possible for people to reside year-round in the vicinity of the 
wetlands without seeking rocksheiter refuges in the wet season. Evidence from mound sites in analogous 
situations elsewhere in northern Australia strengthens this hypothesis.
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The archaeological evidence presented above suggests that those people inhabiting the plateau valley and 
oudier sites spent the wet season and some parts of the dry season in residence. Subsistence strategies were 
primarily land-based with an emphasis on manufacture of stone artefacts from nearby quarries. Subject 
matter relating to freshwater wetlands, depicted in the rock art of the inland shelters, indicates that the 
occupants had considerable knowledge of the freshwater floodplains, probably gained through regular 
visits.
Subsistence strategies at regional floodplain sites were primarily water-based. The large number of bone 
and wooden tools from Paribari suggests that these items were important for effective exploitation of 
floodplain resources. The lack of organic remains precludes such a definite conclusion for the South 
Alligator wetland sites, though the presence of a bone point and spoon at Kina (see Chapter 4) and the high 
proportion of stone woodworking implements for the sites in general supports the same interpretation.
Other archaeological evidence implies that plant and stone resources were exchanged/traded between 
inland and floodplain areas. Remains of plants exclusive to freshwater wetlands were found at the inland 
sites. Good quality stone for flaking was not readily available at the floodplain sites and had to be 
imported. The location of the stone sources indicates specific contacts for the inhabitants of the South 
Alligator wedand sites with people to the northwest around Magela Creek and the East Alligator River, to 
the east from Nourlangie-Mt Brockman Massif and Deaf Adder Gorge and to the south, around 
Barramundie Creek and the upper South Alligator River. In addition, the abundant resources available 
from tropical freshwater wetlands in the late dry and late wet seasons (see Chapter 2) suggest that large 
populations could be supported during those times.
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Chapter 7
Aboriginal Use of Wetlands from 1845 to the Present
7.1. Introduction
Information about Aboriginal society in the Top End of the Northern Territory comes from the writings of 
explorers, buffalo shooters, pastoralists and, more recently, anthropologists. Some of these describe a 
society which then had only just come into contact with Europeans. It is also fortunate that there are 
Aborigines still living in Kakadu who have knowledge of the wedands, including the surveyed areas. 
Comparative ethnographic accounts of Aboriginal use of wetlands in similar areas of tropical Australia are 
also available. Additionally, there are several extensive collections of material cultural items from the 
Alligator Rivers region held in museums throughout Australia, mostly collected early this century. Using 
these various sources of information, it is possible to gain some understanding of Aboriginal life and the 
way it has changed in wetland areas of the Alligator Rivers region throughout the historic period, from 
1845 to the present (Brockwell 1983:36).
In this chapter, information derived from the historic data has been separated into several sections; 
seasonality of diet and residence, technology, division of labour, seasonal movement of groups, ceremonies 
and trade (Hiatt 1968). These divisions are somewhat artificial as all aspects of Aboriginal life are 
inextricably entwined. However, such separations make the data easier to organize and understand, 
especially in terms of the archaeological evidence. The data in each section has been presented 
chronologically.
This information is used to construct a model of Aboriginal wetland use in historic times. The historic 
model is constructed on two levels, one at the local level of the wetlands sites themselves (in terms of 
exploitation strategies and settlement patterns); the other at the regional level (in terms of how the wedands 
sites influenced setdement and demographic patterns in the region as a whole). At the local level, the 
model relies mainly on oral accounts and comparadve ethnographic information, though there are also 
some details available in the historic and regional ethnographic literature.
In the following chapter, the historic model is compared widt the model derived from the archaeological 
evidence and an assessment is made of which patterns of behaviour show continuity from pre-contact 
times, which have changed, and why.
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7.2. Contact History
The history of northern Australia has long been one of contact with the outside world, firstly with 
Macassan trepangers form the Indo-Malay archipelago and, later, with European explorers and settlers. 
Until 1860, the Alligator Rivers region was disturbed little by outside influences, apart from Macassan 
visits and brief British setdement on the north coast, and the occasional explorer. After 1860, the area was 
occupied increasingly by Chinese and European miners, followed by European buffalo shooters and 
pastoralists.
7.2.1. Macassans
Probably the first contact the Aborigines of the north coast of Australia had with the outside world was 
with the Macassan trepangers from what is now southern Sulawesi. These people sailed their praus down 
from Indonesia annually on the northwest monsoon to gather ’beche de mer’ or sea slugs. The Macassans 
spent about six months in camps on the coast where they boiled the slugs and sun-dried them for 
transportion back to Indonesia. Excavations and historical research have shown that the Macassans had 
been visiting the north coast of Australia for at least 200 years before die Europeans arrived (MacKnight 
1976, 1981). However, according to oral tradition, the north coast was also visited by people called the 
Baijani, who came before the Macassans (Bemdt and Bemdt 1954:32-39). Jones and Meehan (in press) 
suggested that these people may have been ’sea gypsies’ from the southern Malay archipelago. At any rate, 
the archaeological evidence indicates that some people, not necessarily Macassans, have been visiting 
northern Australia for perhaps up to 1000 years (Jones and Meehan in press; MacKnight 1976; Schrire 
1972).
7.2.2.1845 to 1890
The first recorded European contact with northern Australia was by Dutch explorers who sailed along the 
north coast in the 17th and 18th centuries. In 1803, Matthew Hinders made his famous circumnavigation 
of Australia and passed by the mouth of the South Alligator River. Captain Philip King explored the 
northern Australian coastline in 1818, and again in 1822. During these journeys he surveyed the South and 
East Alligator Rivers (ANPWS 1980:185).
Fearing Dutch and French imperialist ambitions, the British made three abortive attempts to settle the 
north coast at Melville Island, (1824-1829), Raffles Bay (1829-1830) and Port Essington (1838-49), both 
on the Cobourg Peninsula. These early setdements were abandoned for a variety of reasons: disease, lack 
of water and food, isolation and inadequacy of the sites as trading posts (J. Allen 1980; Jones and Meehan 
in press; McKenzie 1980).
In the Kakadu area itself, the first recorded contact with Europeans occurred when Leichhardt passed
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through the region in 1845. This expedition was followed by the explorations of Stuart (1862), McKinlay- 
Edmunds (1866) and Carrington (1885), all of whom traversed the area (ANPWS 1980:190) (Figure 7:1).
In 1871, gold was discovered at Pine Creek, just to the south of the study area. In 1872, the Overland 
Telegraph Line linking Darwin to the rest of Australia was completed and a mini gold rush to the area 
occurred (McKenzie 1980:58). As a result, the Darwin-Pine Creek railway was constructed and completed 
in 1889, opening up the area further (Figure 7:1). Chinese emigrants were an integral part of these early 
enterprises and by 1890, 80% of the non-Aboriginal population in the Territory was Chinese (McKenzie 
1980:64). However, the 1888 Chinese Emigration Act turned the tide and by 1911 the Chinese population 
had fallen to less than 50% and continued to fall after that (Keen 1980a: 174; McKenzie 1980:64). The 
mining industry then slumped in the Territory, except for the occasional fossicker (ANPWS 1980:187; 
Gillespie 1985; Keen 1980a: 174; McKenzie 1980:61).
7.2.3.1890 to 1945
The presence of new settlers in the Top End encouraged the development of the beef industry. By 1882, 
the whole of the Territory was under leases (Keen 1980b:23). Buffalo shooting was established as an 
industry on the Adelaide River by 1885. In 1891, Paddy Cahill acquired a small lease for shooting at 
Oenpelli, on the East Alligator River. By 1915, most land between the Adelaide and East Alligator Rivers 
was under lease to buffalo hunters (Keen 1980b:23-24). Paddy Cahill remained at Oenpelli until 1925 
when the Christian Missionary Society took over (Keen 1980a:176). Between the wars, many Aboriginal 
people of the area were involved in small scale mining activities (Gillespie 1985:9; Keen 1980b:51). 
Buffalo shooting continued in the area as an industry until disrupted by World War 2 in 1939.
During the war, most Aborigines were evacuated from the Alligator Rivers area, for fear of aerial raids by 
the Japanese. Aboriginal compounds were established near Mataranka, Maranboy, Katherine and Cullen 
River, near Pine Creek, though many people refused to stay and moved back to their clan lands and lived 
off the bush (Gillespie 1985:10; Levitus 1982:64; Keen 1980b:54; Merlan and Rumsey 1982:25) (Figure 
7:1).
7.2.4.1945 to Present
By the end of the war in 1945, some Aborigines had drifted from the wartime camps but many stayed on. 
Some returned to buffalo and crocodile hunting, while others found jobs on nearby pastoral stations and at 
Anlarr (Nourlangie Camp), a timber camp near the South Alligator wetland sites. However by 1960, the 
crocodile industry had declined as a result of over-exploitation and the institution of the basic wage for 
Aboriginal station workers in 1967 unfortunately seems to have led to a reduction of those employed in the 
pastoral industry (Gillespie 1985:10; Keen 1980b:55-56; Levitus 1982:63).
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Explorer's Routes and Locations of Comparable Wetland AreasFigure 7:1
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In the 1950s, uranium was discovered at El Sherana, on the upper South Alligator River (ANPWS 
1980:187; Levitus 1982:29) and European miners moved into the area. This operation was small-scale, 
however, and large scale mineral exploration did not begin in Kakadu until the late 1960s. In 1972, the 
Arnhem Highway was completed to Jabiru and the area became popular with tourists (Keen 1980b:57,58; 
Gillespie 1985:8). In the early 1960s, moves were made to establish a National Park in the region. In 
1976, the Fraser Government proclaimed the Land Rights (Northern Territory) Act, and the Northern Land 
Council (NLC) claimed what is now Stage 1 of Kakadu National Park, on behalf of the Aboriginal owners, 
incorporated as the Gagudju Association. The Park is leased from the traditional owners by the Federal 
Government. Stage 1 of the Park was gazetted in 1979, and several Aboriginal people are now employed 
there as rangers (Keen 1980b:59,62). In 1984 and 1987 respectively, Stage 2 and Stage 3 of the Park were 
gazetted. Stage 2 has been successfully claimed by the traditional owners, while Stage 3, south of the study 
area on the former pastoral leases of Gimbat and Goodparla, is currently being claimed on behalf of the 
Jawoyn by the Northern Land Council. The extent of the Park is shown in Figure 1:2.
Uranium mining began at Ranger, in northern Kakadu in 1981. Substantial royalty payments have been 
made since to the Gagudju Association which has successfully invested in tourist enterprises in the Park, as 
well as providing social benefits and cash payments to its members. The town of Jabiru was constucted 
initially to house construction workers and later, miners, service personnel and their families. These 
activities led to further increases in the white population of the area (ANPWS 1986:98; Jones and Meehan 
in press; O’Faircheallaigh 1988:155,171).
7.3. Effects of Contact: Adaptability and Continuity
As Europeans and others moved into the Alligator Rivers region in increasing numbers, the Aboriginal 
population was reduced dramatically by introduced diseases, traditional social order began to break down 
and indigenous cultural traditions were abandoned gradually.
Nevertheless, the Aborigines had been exposed for a long time already to foreign influence, through 
contact with Macassan trepangers. As a result they were accustomed to adopting aspects of foreign culture 
into their own. Such adaptations to contact are exemplified by the inclusion of Macassan words into 
Aboriginal languages, such as ’rupiah’, the Indonesian word for money, and ’balanda’, the word for white 
people derived probably from ’Hollander’, as the Dutch colonists of Indonesia were locally known (Urry 
and Walsh 1981). Items of material culture (such as metal knives, pipes and dugout canoes ) were adopted 
by the Aborigines and are often depicted in the rock art of the north (Bemdt and Bemdt 1954; Earl 1846; 
Edwards 1979; Leichhardt 1847; MacKnight 1976:97; Thomson 1949). Leichhardt (1847:495) noted that a 
group of Aborigines he encountered in the vicinity of the South Alligator River were wearing scraps of 
European clothing and greeted him with the words, 'Perikot, Nokot, Mankiterre, Lumbo Lumbo' (’Very 
good, no good, Malays very far’). This speech was probably the result of contact with the British 
settlement at Port Essington.
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There is some suggestion that diseases, such as smallpox, trachoma, fromboesia (yaws) and venereal 
granuloma, were endemic in northern Australia well before the arrival of Europeans, having been 
introduced by the Macassans. Malaria was widespread after the arrival of the British, but may have been 
introduced originally by the Macassans. However, the worst effects of introduced disease were felt after 
European contact (Keen 1980a: 176; Jones and Meehan in press). The presence of the miners and the 
Chinese, and the ready availability of European food, goods, tobacco, alcohol and opium attracted 
Aborigines from the bush. Prostitution, close contact with foreigners, unhygienic living conditions and 
poor diet took their toll on the Aboriginal population (Basedow 1932; Foelsche 1882:7-11; Keen 
1980a: 176, 1980b:43). These aspects, coupled with sterility caused by venereal disease, led to a dramatic 
decline in the population of the Alligator Rivers (see below).
However, despite a few violent incidences (Chaloupka et al. 1985:123-24; Edmunds 1866; Levitus 
1982:39,71), relationships between Aborigines and Europeans in the Alligator Rivers region was not 
marked by the violence which characterized the relationship elsewhere in Australia (Gillespie 1985:11; 
Keen 1980a: 175; Levitus 1982:71; Jones and Meehan in press). Pastoral stations, buffalo camps and the 
mission at Oenpelli acted as a focus and refuge for the remaining Aborigines, where they could still live 
within reasonable proximity to their traditional lands. Others drifted away from the Alligator Rivers region 
to the south and west and settled on the fringes of European and Chinese settlements, causing a further 
decline in the local population (Bemdt and Bemdt 1970:7; Keen 1980a: 175-77; Jones and Meehan in press; 
Levitus 1982:60).
Water buffaloes released from abandoned British settlements and the South Australian settlement at 
Escape Cliffs (Figure 7:1) formed the basis for the feral herds in the Top End. These animals favour 
wetland habitats and their activities have caused extensive environmental damage (see Chapter 2). The 
presence of these animals has influenced the foraging behaviour of Aborigines who use freshwater 
wetlands. For example, in the Blyth River area of north-central Arnhem Land where buffaloes are only 
now becoming common (Meehan 1988:18-20, in press) reported that the Anbarra people fear these animals 
and, although more than happy to eat the meat if one is shot, avoid areas where they are likely to encounter 
a herd. This factor has reduced both their mobility and the extent of territory which they exploit.
Likewise, in the Alligator Rivers area, Gillespie (1979) suggested that large numbers of buffaloes may 
have caused Aboriginal hunters, whose technology was inadequate to subdue them until they acquired 
European weapons, to lose control of significant proportions of their wetland estates by 1880. In 1885, 
Carrington reported large herds of buffalo along the banks of the East Alligator River (Chaloupka et al. 
1985:44). By the 1890s, there were sufficient numbers to support a shooting industry and by 1910, 100,000 
hides had been exported. Gillespie argued that:
in seasonal extremes the combination of lack of mobility through fear of the buffalo, critical dependence on 
dwindling water supplies and the buffaloes known propensity for wallowing and fouling waters could have 
produced economic stress for hunters and gatherers in the region, particularly those whose hunting range 
contained large areas of floodplain and fringe (1979).
241
This theory is supported by environmental research which indicated that retreat of monsoon forest on the 
edges of the South Alligator wetlands c.100 years BP can be attributed, at least partially, to the impact of 
feral buffalo in the area (see Chapter 2). Additionally, Levitus (1982:16) speculated that as buffalo 
shooters needed to camp by freshwater in order to wash hides, they disrupted the dry season activities of 
Aborigines using the floodplains.
Uranium mining and, more recently, tourism have had significant impact on the Aboriginal population of 
the Alligator Rivers region. In the first place, the Aborigines opposed mining and were fearful of the 
consequences of a large white population in the area and possible disturbances to sacred sites (H.R.Allcn 
1980; Jones and Meehan in press; O’Faircheallaigh 1988). On the other hand, mining has brought in a 
large income for the Gagudju Association and enabled its members to benefit from many of the resources 
brought by western culture. The impact of a large white population has been minimized as they are 
restricted mostly to Jabiru (Altman and Dillon 1988:139).
Tourism is likely to have a far greater and lasting impact than the effects of mining (Gillespie 1988). In 
July of 1987 for example, more people visited the Park than had in the whole 12 months of 1982 (Gillespie 
1988:243-45). Gillespie and others suggested that apart from the impact on the environment increased 
tourism, like mining, will bring mixed blessings for the resident Aborigines. However, the Aboriginal 
people of Kakadu are sufficiently concerned about their traditional life style component to demand 
protection of it. These people express a willingness to accept more visitors to the Park, as long as their 
wishes are respected, especially as regards privacy, and and hunting grounds and sites of significance are 
protected.
Despite population decline and social dislocation, many people of the area have, in fact, maintained ties 
with their country. Some never left the area at all (H.R.Allen 1980:89; Gillespie 1985:10; Keen 
1980a: 178-79; Levitus 1982:64,67). As well, the Aborigines were often paid off in the wet season by the 
buffalo shooters and pastoralists and during this time they returned to their traditional wet season camping 
sites, as well as to Pine Creek and Oenpelli (Gillespie 1985:9; Levitus 1982:63). As recently as the early 
1950s, miners on the upper South Alligator River observed Aborigines dressed in loincloths and carrying 
spears (Levitus 1982:67).
Between the wars, small scale mining enterprizes were often not enough to support the Aborigines 
engaged in such activities and they supplemented their livelihood with hunting and gathering on their 
traditional lands (Gillespie 1985:71-72). In northern Kakadu, Aborigines continued occasionally to use 
rockshelters with prehistoric deposit (for example, Malangangerr). These places are now littered with 
modem archaeological debris; beer cans, food containers and so forth (Haskovec 1988). Up until the 
1970s, when the Alligator Rivers region was opened by mining, the Aborigines of the area continued to 
camp along a traditional route from Pine Creek, through Jim Jim, to the Hast Alligator crossing, and the salt
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country to the north. This track followed the path of the mythological ancestors, on their travels in the 
Dreamtime (H.R.Allen 1980:89).
In recent times, pressures of life have prompted Aboriginal people to return to their traditional lands to 
lead a lifestyle based on traditional ways, albeit somewhat altered by the availability of modem technology 
and the degradation of their lands. This trend, called ’the outstation movement’ (Meehan and Jones 1980) 
is part of a general phenomenon in northern Australia as a result of disenchantment with the effects of low 
living standards, overcrowding, friction between different language groups and the resultant violence and 
symptoms of social breakdown, such as excessive drinking and petrol sniffing. It was also partly inspired 
initially in 1967 by the granting of full citizenship to Aborigines and later, by the Land Rights movement 
and subsequent Land Rights legislation. People thought it better that they move back to their home 
territories to assert their ownership and bond with the land. However, this sentiment existed before the 
granting of land rights as Aborigines often felt a need to return to their lands (H.R.Allen 1980:95; Jones 
and Meehan in press; Keen 1980b:57; Meehan 1982:19-21; Meehan and Jones 1980:134-35). By 1976, 
some 200 people were living on outstations in the Kakadu region (Keen 1980a: 179, 1980b:57).
The latest wave of change brought about by mining and tourism has seen the Alligator Rivers Aborigines 
taking positive steps towards control of their destiny, both economic and political, through the Gagudju 
Association. As several authors (Gillespie 1988:245; Jones and Meehan in press; Levitus 1982) have 
pointed out, such involvement in modem economic enterprises can perhaps be seen as part of a continuing 
historical process. The Alligator Rivers Aborigines, used to trading and dealing with visitors to the north 
over hundreds of years, have taken this latest foreign incursion in their stride and turned it to their 
advantage.
Although the indigenous Aboriginal lifestyle was disrupted by foreign invasion and the population greatly 
reduced by introduced diseases, Aborigines of the Alligator Rivers region have maintained ties with their 
land. Older people retain knowledge of their traditional lifestyle and to some extent still actively pursue it.
7.4. Sources of Information
7.4.1. Historic Sources
There is little information contained in the early explorers’ reports about Aborigines. The early Dutch 
explorers did not report any sightings at all (Chaloupka et al. 1985:21). Flinders (1814) had some contact 
with the Aborigines of the eastern coast of Arnhem Land and landed on the Cobourg Peninsula but did not 
meet anyone there. King (1827) sighted no Aborigines, but reported smoke from their fires on Field Island, 
at the mouth of the South Alligator River.
Leichhardt, a naturalist by training, was a keen observer of the Aboriginal way of life. On his epic
243
journey from Brisbane to Port Essington in 1845, he recorded useful details about Aboriginal subsistence 
stategies and the landscape which they inhabited (Leichhardt 1847). His route (Figure 7:1) passed close to 
the floodplain sites of Kina and Nurrungurrudjpa in November (late dry season) and he camped at Banitja, 
just south of Mulamani on the northern side of Nourlangie Creek (Chaloupka et al. 1985:30; Leichhardt 
1847:490,493; Meehan 1985:136) (see Chapter 4).
McKinlay (1866) and Edmunds (1866) led a surveying party from the Escape Cliffs settlement at Cape 
Hotham to the East Alligator River in December-January (full wet season) 1865-1866. Because of 
flooding, the expedition experienced severe problems moving through the country. There was little 
mention of contact with Aboriginal people until they reached the East Alligator River.
In the dry season of 1898, Knut Dahl (1926), a Norwegian naturalist, arrived to collect zoological 
specimens for the Oslo Museum. He travelled extensively in the Daly River area to the west of Katherine, 
and then followed the Katherine River onto the Arnhem Land plateau overlooking die South Alligator 
River floodplains. He made no contact with the Aborigines of the area, but came across several campsites 
and recorded details.
Cahill (1914-21) maintained good relations with the local Aborigines and took an interest in their social 
and economic life. He was host to the visiting anthropologist Baldwin Spencer in 1912, and they 
subsequently took up correspondence. Some details of wetlands exploitation were included in these letters 
at various times.
Reminiscences of European buffalo hunters (for example, Cole (1988) and Warburton 1944), though 
anecdotal in nature, contain descriptions of Aboriginal life. Information from buffalo shooters is 
particularly useful because their hunting grounds were often in the vicinity of the wetlands.
7.4.2. Ethnography 
7.4.2.1. Kakadu
Baldwin Spencer (1914, 1928) visited Paddy Cahill at Oenpelli in the dry season of 1912, and stayed for 
several months. Although social anthropology and biology were his main interests, he made several 
passing references to wetland subsistence strategies and took collections of material culture from the 
region.
The next major anthropological undertaking in the area was the 1948 American-Australian expedition to 
Arnhem Land, which included McArthur’s (1960) study at Fish Creek near Oenpelli. Many useful details 
of Aboriginal economic activities were recorded during this Field season, though it was only of short 
duration.
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Since its proposal and inception as a National Park, Kakadu has been the subject of numerous studies 
both by anthropologists and other researchers interested in the economic life of its Aboriginal inhabitants. 
Although these are usually not directly related to wetlands research, they often contain relevant information 
(for example, Beck 1986; Chaloupka 1981, 1989; Chaloupka et al. 1985; Keen 1980b; Levitus 1982, 1986; 
McLaughlin 1982; Russell-Smith 1985a, 1985b; Smyth and von Sturmer 1981).
7.4.2.2. Comparable Areas Elsewhere in Tropical Australia
Wetlands occur in many other areas of tropical northern Australia. Ethnographic studies from these 
places, though again not always directly concerned with wetlands exploitation, often furnish relevant 
comparative data for the situation which exists on the South Alligator River floodplains. These studies 
include those carried out at western Cape York (Chase and Sutton 1981; McConnel 1930-31, 1957; Sutton 
1978; Thomson 1939); eastern Cape York (Chase and Sutton 1981; Harris 1977; Roth 1904); Princess 
Charlotte Bay, nonhem Queensland (Hale and Tindale 1933-34); eastern Arnhem Land (McArthur 1960; 
McCarthy and McArthur 1960; Scarlett 1976; Williams 1982); north-central Arnhem Land (Meehan 1982, 
1988, in press; Jones 1980, Jones and Bowler 1980; Peterson 1973; Thomson 1948-49, 1983); and western 
Arnhem Land (Altman 1984, 1987; Bemdt and Bemdt 1970; McArthur 1960; McCarthy and McArthur 
1960). Information regarding Aboriginal wedand subsistence strategies and setdement patterns in these 
places has been reviewed elsewhere (Brockwell 1983).
7.4.3. Oral History
7.4.3.1. Collection of Oral Data
It was considered essendal that the Kakadu Archaeological Consultancy include informadon relating to 
wedands exploitation provided by contemporary Aboriginal inhabitants, as an aid to the interpretauon of 
the archaeological evidence (Meehan et al. 1985:103). Aborigines familiar with the area accompanied the 
archaeological team to the wedands sites. They provided informadon about foods eaten and seasonal 
occupation there, as well as details about seasonal movement and exchange in the region as a whole (Jones 
and Johnson 1985a: 167, 1985b:63; Meehan et al. 1985).
Addidonally, Meehan (Meehan et al. 1985:109-10) conducted a separate and purely ethnographic inquiry 
for the eastern side of the South Alligator River. In particular, quesdons were asked about names of sites, 
names of traditional clans and owners, seasons of occupation, foods exploited, location of stone quarries 
etc. Information was recorded in note form and on tape. Collection activities and food items were 
photographed and, in the latter case, samples taken for botanical identification. This work has since been 
extended by Beck (1986).
During the 1981 survey of the western edge of the South Alligator wetlands, ethnographic information 
about the sites was also collected by Gaffey and Brockwell (Meehan et al. 1985:114,115,125,127). In the
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1983 field season, one day was spent with Aboriginal residents checking areas where they had camped 
during the wet seasons of their buffalo shooting days, in order to see whether there were any prehistoric 
remains located there.
7.4.3.2. The Informants
The following informants were interviewed; Minnie Alderson, Violet Alderson, Nipper Kapirigi and 
Butcher Night.
Minnie Alderson (Meehan et al. 1985:153) has lived and worked in the vicinity of the South Alligator 
wetlands since she married ’Yorky’ Billy Alderson, a traditional owner of the area. Alderson is half-sister 
to one of the last members of the Badmardi group, who occupied the Deaf Adder Gorge area (Chaloupka et 
al. 1985:175). Her husband, now deceased, was a member of the Murrumburr clan whose estate embraces 
the country cast and west of the South Alligator River (see below). During the 1940s and 50s, Alderson 
and her family resided year-round in the vicinity of the wetlands, employed by European buffalo shooters 
who operated along the South Alligator floodplains Alderson’s husband remained in the region throughout 
the war and afterwards, unlike many others who left with the decline of the crocodile and buffalo shooting 
industries (Levitus 1982:64,67). Violet Alderson is Minnie Alderson’s daughter.
Butcher Night is a member of the Murrumburr clan and was also employed by buffalo shooters during 
the 1930s and 1940s (Keen 1980b: 122; Levitus 1982; Meehan et al. 1985:153). The late Nipper Kapirigi 
was a member of the Badmardi clan. When he was a child, he and his family made regular journeys to the 
floodplains of the South Alligator River (Chaloupka 1981; Chaloupka et al. 1985).
Additional oral information has been recorded for the Kakadu Stage 1 and 2 land claims and the Ranger 
Uranium Environmental Inquiry (Fox et al. 1977; Keen 1980b) and by other researchers with an interest in 
oral history (Chaloupka et al. 1985; Gillespie 1985; Levitus 1982). Interviews with both black and white 
participants in the buffalo industry are the subject of a short film, ’Something of the Times’ (McKenzie 
1985).
7.4.4. Museum Research
Collections of artefacts and photographs, held in the Museum of Victoria in Melbourne and the Australian 
Museum in Sydney, which relate to exploitation of wetlands both in Kakadu and other parts of tropical 
Australia, were examined. It was hoped that this research might elucidate some of the functions of the 
stone tools from the wetland sites, as well as providing a more complete picture of the kinds of activities 
carried out at these sites. The material culture for the Alligator Rivers region as it existed in the 19th and 
20th centuries is comparatively well recorded. Both the Australian Museum and the Museum of Victoria 
house extensive collections of items procured by settlers (for example, Paddy Cahill). There is also a large
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sample of items collected by Spencer during his 1912 visit. Although from a different area (Arafura 
Swamp), the Donald Thomson collection housed by the Museum of Victoria, is also of interest, as the 
environment and the items used to exploit it are comparable.
7.5. Language Groups and Clan Estates
In the Kakadu region, land is divided into a number of clan areas still recognized by the traditional 
owners who live there today (Keen 1980a: 173; 1980b). The boundaries are shown in Figure 7:2. These 
clan areas are owned by local descent groups called gunmugugur (Fox et al. 1977:255) and includes sites of 
significance for which the land owners are responsible. Additionally, the gunmugugur have close kinship, 
ceremonial and totemic links. Members of one group are thus dependent upon members of other groups for 
performance of ceremonies and other ritual aedvities. These links were initially established by the journeys 
of the totemic heroes through the countryside in the Dreamtime (Fox et al. 1977:279). While boundaries 
between clan areas are blurred by overlapping responsibilities for shared sites, the bulk of a given territory 
can be clearly attributed to one gunmugugur (Fox et al. 1977:255; Keen 1980b:6).
Apart from clan groups, the Aborigines also traditionally organized themselves into flexible domestic
units which have traditional rights to use or occupy land. This concept is defined by Fox et al.:
These groups, described by us as hordes or bands, have a varying membership and comprise persons from a 
number of land-owning groups, or gunmugugur. The members of the horde hunt, forage, camp, take part in 
ceremonies and participate in other activities within an area of land which extends beyond the boundaries of 
one estate (1977:256).
However, language groups differ from and do not necessarily relate to clan groups. Several clan groups 
may be part of the same language group. As many gunmugugur now have no living members, the land has 
been inherited by other gunmugugur who have traditionally been linked through shared ceremonial and 
kinship obligations and a mutual interest in totemic sites located on the other’s estates (Keen 1980b:82; Fox 
et al. 1977:264-66). This situation has led to the fusion of depleted groups. Thus, the Mbukarla and 
Ngombur language groups have fused as both belong to the Murrumbur gunmugugur. As a result, 
Aborigines of the area today tend to define relations to land primarily in terms of language groups (Keen 
1980b: 166).
The owners of the eastern South Alligator wedand sites belong to the Murrumburr estate and the 
Mbukarla language group. The boundaries of this country are clearly defined (Keen 1980b: 168). The 
northern boundary is marked by Nourlangie Creek. Anlarr (Nourlangie Camp) marks the eastern boundary 
and a Dreaming site eight kilometres southwest of Mt Cahill marks the southeastern boundary. Mt Patridge 
marks the southern limit while black Jungle Spring marks the extreme southwestern boundary.
The country immediately to the south of Nourlangie Creek is shared with the Ngombur language group. 
This language group (also Murrumbur estate) owns the country on the western bank of the river between
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the South Alligator River Ranger Station on the Arnhem Highway to Yirrirri Billabong in the south (10km 
west-southwest of Spring Peak), and west past Flying Fox Creek (Keen 1980b: 169). The land to the north 
and northeast of the Murrumbur estate is owned by the Marremu and Wilirgu clans respectively, both 
members of the Bukurnidja language group. This land is now claimed through traditional Aboriginal 
succession by the Murrumbur clan, which embraces both the Mbukarla and Ngombur language groups 
(Keen 1980b: 166; Fox et al. 1977:264-65)].
Burkurnidja land stretches from the South Alligator crossing of the Arnhem Highway in the northwest to 
Mawawunj (Nourlangie Creek) in the southeast, and from the upper part of Namanbu Creek in the northeast 
to Nourlangie Camp in the south (Keen 1980b: 165). This land embraces the wetlands site of Mulamani 
which lies north of Nourlangie Creek.
The other areas of land referred to here, lie to the east of the South Alligator wetlands, in the area around 
Anbangbang, Mt Brockman and Deaf Adder Gorge. These are indicated as lying in the estates of the 
Warramul and Badmardi clans respectively (Chaloupka 1981:165; Fox et al. 1977:278). As there are no 
living members of the Warramul clan, the Badmardi have inherited this area through traditional succession 
(Fox et al. 1977:265). The peoples of the Alligator Rivers area also maintain strong kinship and spiritual 
links with their Jawoyn neighbours to the south, who own the hill and escarpment surrounding the 
headwaters of the South Alligator River and Barramundie Creek (Keen 1980b; Merlan and Rumsey 1982).
Linguistic studies indicate that in the area around Oenpelli, there is a tendency for the plains languages to 
be more similar to each other, than the languages of the escarpment (White and Peterson 1969:57). 
However as White and Peterson have pointed out, the history of this situation is unknown and may well 
reflect recent post-contact trends, rather than a pre-contact situation.
7.6. Evidence for Patterns of Subsistence and Seasonal Movement in Tropical 
Wetland Areas
Aboriginal uses of freshwater wetland systems throughout tropical Australia are similar. Productivity of 
wetlands is directly linked to marked seasonal availability of water (see Chapter 2). At the end of the dry 
season, freshwater is scarce in all but perennial swamps, vegetation dries out and animals seek alternative 
refuges. With the onset of the rains, resources are renewed. In the full wet, sheets of water cover the 
floodplain, access is difficult and wetland resources are dispersed. When the rains cease and the country 
begins to dry out, the fauna and flora of the wetlands flourish. Large groups of waterbirds flock to the area. 
As the dry season progresses, resources become concentrated in areas where there is still standing water. 
This seasonal variation influenced the annual subsistence round and residence patterns of Aborigines 
exploiting wetland resources.
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Much of the data presented below has been discussed in detail and tabulated elsewhere (Brockwell 
1983:42-50, Appendix 1).
7.6.1. Seasonality of Diet and Residence
7.6.1.1. The Aboriginal Year
Today, Aborigines of tropical Australia, including those of the Alligator Rivers region, divide their year 
into six seasons, according to annual climatic changes and seasonal availability of fauna and flora (Altman 
1984:37,38; ANPWS 1980:37,41; Bemdt and Bemdt 1970; Chaloupka and Guiliani 1984:30-32; 
Chaloupka et al. 1985:13-19; Chase and Sutton 1981:1835,1838; Haynes 1985:206-207; Meehan 1982:25; 
Russell-Smith 1985b:246; Sutton 1978:46; Thomson 1939:214,216, 1948-49:Table opp. p.28). The 
calendar for the Alligator Rivers region is illustrated in Figure 7:3.
7.6.1.2. Diet
Freshwater wetlands provide a particularly abundant and diverse food resource (see Chapter 2). Faunal 
resources culled from the wetlands included various waterbirds, crocodiles, water snakes, turtles, and the 
eggs of these species, fish and shellfish. Most animals were hunted during the dry season. Waterbirds 
became especially important towards the end of the dry season when geese became fat, gorging on spike 
rush corms (Eleocharis dulcis). Because they tend to congregate around diminishing patches of freshwater, 
they are relatively easy to catch then (Cole 1988:259; Chase and Sutton 1981:1832,1838; Dahl 1926:81-83; 
Jones 1980:114,125; McConnel 1930-31:100, 1957:4-5; Meehan 1982:35,147, 1988:13, in press; Peterson 
1973:182-83; Roth 1901:23-24; Thomson 1939:215, 1948-49:27,41, table Table 7;2 opp. p.28, 
1949:19-20,49) (Table 7:1).
A number of wetland plant species formed staple foods at certain times of the year - for example, spike 
rush corms and waterlilies (Nymphaeceae). The corms of spike rush were harvested in large quantities 
from swamp beds during the middle to the late dry season (Altman 1984:44; Hale and Tindale 
1933-34:114; Jones 1980:124; Levitt 1981:40; McArthur 1960:101,130; McConnel 1930-31:102, 1957:5; 
Meehan 1988:13, in press; Peterson 1973:181; Thomson 1939:215, Thomson 1948-49:table opp. p.28, 
1949:20). All parts of water lilies were utilized by Aborigines; corms, stems, seeds (ground and baked as 
cakes) and flowers. This food was harvested from early to late dry season, with an emphasis on the early 
dry season (Altman 1984:44; Brock 1988:266; Chaseling 1957:44; Dahl 1926:83; Jones 1980:114-15; 
Jones and Bowler 1980:18; Levitt 1982:41,42; Meehan 1982:35, 1988:13, in press; Roth 1901:7,14; 
Thomson 1939:215; 1948-49:28,40) (Table 7:1, Figures 7:4,7:5, 7:6).
In the wet season, hunting on the wetlands was hampered by flooding and high grass, and crocodiles were 
an ever-present danger. The wet season was a comparatively lean time for food resources (Altman 
1984:39; Jones 1980:123; Meehan 1982:153). Aboriginal hunters turned their attention to resources away
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Late wet Early dry
season season
Dry Late dry
season season
Waterbirds 
Waterbird eggs 
File Snakes 
Turtles 
Fish
Eleocharis sp. 
Nymphaeceae
X
X
X
X
X
X
X
X X
X X
X
X X
Table 7:1 Periods of Optimum Exploitation of Wetlands Species
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from the wetlands. They were available from the open woodlands and monsoon vineforests on higher 
ground abutting the wetlands, including fruits (Duchanania obovata and (Morinda citrifolia) which ripen 
during the wet season. At the same time, yams (for example, Amorphophallus galbra, A. campanulatus, 
Dioscorea bulbifera and D. transversa) were collected from these areas (Altman 1984; Jones 1980:123; 
McConnel 1930-31:102; Meehan 1982:153; Scarlett 1976).
Animals, as well as humans, are forced onto higher ground during the wet season. Rain and strong winds 
aided hunters by providing noise cover; fresh green grass growth attracts the animals. Terrestrial mammals 
were hunted at this time (Peterson 1973:183; White and Peterson 1969:60). Animal food was also 
available from nearby monsoon rainforest thickets. Scrub-fowls, their eggs, and possums were all procured 
from this niche. During the late wet season, the floodplains again became a focus of exploitation because 
of thousands of geese laying their eggs (Chase and Sutton 1981:1838; Harris 1977:433; Jones 
1980:115,124; Roth 1901:207; Thomson 1939:217; 1948-49:32-33, 1983:96).
The pattern of wetland exploitation elsewhere in northern Australia is echoed by the evidence from the 
Alligator Rivers region. Plant foods utilized by the Alligator Rivers Aborigines from wetlands are listed in 
Table 7:2 and faunal resources in Tables 7:3 to 7:4.
In the late dry season of 1845, Leichhardt (1847:491,493,504,507,512) recorded Aborigines at the South 
Alligator wedands exploiting wetland products (spike rush corms, waterlilies, geese and freshwater 
mussels). At Banitja, he described the Aborigines ’employing themselves either in fishing or digging for 
roots’ (1847:493). He also noted old campsites strewn with goose eggshell near the floodplains of the East 
Alligator River (1847:513). Leichhardt (1847:490,493) was impressed by the richness of the landscape. At 
that stage, it was unaffected by the behaviour of feral buffalo, though small numbers were already present 
(1847:524).
Despite damage caused to freshwater wetland areas by buffaloes in later years, the Alligator River 
Aborigines have continued to seasonally exploit the remaining productive wetlands for the same resources 
observed by Leichhardt. Spencer (1914:394, 1928:744-45) recorded mid to late dry season exploitation of 
geese, file snakes (Figure 7:7), fish and waterlilies during his visit in 1912 and, in the early 1920s, 
Warburton (1944:65,93,134) observed dry season hunting of pelicans and ducks, gathering of freshwater 
mussels and scrub-fowl eggs. Cahill (1914-21) reported large quantities of goose eggs being consumed in 
the late wet season of 1914 and 1916. Warburton (1944:191) reported that during a late wet season in the 
early 1920s ’the whole place was white with eggs’.
More recently, several ethnographic and ethno-botanical studies in the western Arnhem Land have 
reported continued seasonal exploitation of wetland resources, including two floral species - panic grass 
(■Panicum paludosum) and wild rice (Oryza perennis) - which constituted staples in the late wet and early
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dry seasons (Allman 1984; Beck 1986:17; Bemdt and Bemdt 1970:36; Chaloupka and Guiliani 1984; 
Chaloupka et al. 1985:16-19; McArthur 1960:98,113; McCarthy and McArthur 1960; McLaughlin 1982; 
Russell-Smith 1984:33, 1985b; Smyth and von Sturmer 1981).
According to Alderson (Meehan et al. 1985:112,117-18,121,123,130-31,133), she and other Aboriginal 
women exploited wetland resources while their husbands were employed in the buffalo industry in the 
1930s and 1950s. During the dry season, they lived on the sites which were investigated archaeologically 
in 1981 and 1983. They exploited a variety of aquatic resources, obtaining different items from different 
sites, according to season and resource availability. Freshwater turtles were gathered from Amakada. 
Waterlilies, spike rush, freshwater turtles, File snakes and various fish species (barramundi, catfish and mud 
cod) were exploited at Kina. Turtles, waterlilies and spike rush were gathered from Kumunkuwi, while 
waterlilies were gathered from Kunkundumku. Geese, long-necked turtles, file snakes, waterlilies and 
spike rush were exploited at Mamutjirra.
In the wet season, they exploited the open woodlands behind Kumunkuwi, hunting possums and 
wallabies and gathering yams and wet season fruits. During the late wet season, they returned to the 
floodplains and harvested geese, cormorants and goose eggs at Mamutjirra and Kumunkuwi (Meehan et al. 
1985:121,131) (Tables 7:5-7:6, Figure 4:2, Figures 7:8-7:12).
Today, the Kakadu Aboriginal people rely mainly on buffalo meat and European foods, such as bread, tea 
and sugar for their staple diet (Beck 1986). Meehan (in press) has suggested that if freshwater wetlands 
returned to their normal productive condition, as before buffaloes took their toll, more reliance would be 
placed on wetlands foods.
7.6.2. Residence
The degree of dependence on freshwater wetlands as a resource base is determined by the size, 
productivity and accessibility of the wedands. Some tropical floodplains are similar in size to those of the 
Alligator Rivers region - for example, the Arafura swamp in north-central Arnhem Land and wetlands 
associated with the Archer and Holroyd Rivers in Western Cape York (Peterson 1973; Thomson 1948-49, 
1983). They too form the main focus for subsistence and settlement throughout the year for local 
Aboriginal residents. Other wetland systems are small and seasonal, but still form an integral part of the 
seasonal round for the Aborigines who exploit them - for example, the Blyth River in north-central Arnhem 
Land (Meehan 1982, 1988, in press); and the Lockhart and Nesbit Rivers, northern Queensland (Chase and 
Sutton 1981).
During the dry season, the Aboriginal inhabitants camped close to the swamps and as particular resources 
came into season or were exhausted they shifted camp accordingly (Chase and Sutton 1981; Peterson
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Waterbirds utilised by Aborigines in the 
Alligator Rivers wetlands (McLaughlin 1982:14-15)
Common Name Scientific Name
Black duck Anas superciliosa
Grey teal Anas gibberiffrons
Pink Eared duck Malachorhynchus membranaceus
Burdekin duck T a d o m a  radga
Pigmy goose ~tfettapus pulchelius
Pelican Pelecanus conspicilZatus
White faced heron Ardea novaehollaniae
White necked heron Ardea pacifica
Great billed heron Ardea sumatrana
Nankeen night heron Nycticorax aaledonicus
White ibis T h r e s k i o m i s  aethiopica
Straw necked ibis T h r e s k i o m i s  sginiaoZZis
Glossy ibis PZegadis faZcineZZus
Jabiru Xenorkynchus asiaiicus
Black necked stork Epheppzorhynchus asiaticus
Brolga Grus ribicundus
Royal soon bill Platela regia
Swamp hen Posphyrioz porphyries
Little pied cormorant Phalacrocorax melanoleucos
Magpie goose Anseranus semipalrnata
Water whistle duck Dendrocygna arcuata
Grass whistle duck Dendrocygna bytonii
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TABLE 7:4
Fish utilised by Aborigines in the Alligator 
Rivers wetlands (McLaughlin 1982:11-12)
Table includes both estuarine and freshwater species
Common Name
Barramundi 
Sleep cod 
Boney bream 
Long tom
Forktail catfish
Rifle fish or Archer fish
Eel tail catfish
Tarpon
Glass perch
Spangled perch
Branded grunter
Checked rainbow fish
Black striped rainbow
Mouth almighty
Marjories hard head
Mullet
Scientific Name
Latezp calcar if er 
Oxyeoletris lineolatus 
Nematolosa erebi 
Strongylura kreffti 
Hexanenatichthys leptaspis 
Toxotes chatareus 
Tcmdanua ater 
Megalops cyprinoides 
Ambassis sp.
Maaigania imicolour 
Arrmiaiaba percoides 
Melanotaenia naculata 
Melanotaenia nigrans 
Glassamia aprion 
Crater-ocephalous margoriae 
Squalomugil? nasutus
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Kina
Waterbirds 
Waterbird eggs
File snakes X 
Turtles X 
Fish X 
Eleocharis sp. X 
Nymphaeceae X
Amakada Kumunkuwi
X
X
X X
X
X
Kunkundurnku Mamutjirra
X
X
X
X
X X
Table 7:5 Wetland Resources Exploited from South Alligator Wetland Sites
Late wet Early Dry Dry Late dry Early wet Wet
Kina X
Amakada X
Kumunkuwi X X
Kunkun X
Mamutjirra X X
Mularnani
Table 7:6 Season of Occupation at South Alligator Wetland Sites
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F i g u r e  ~J :£> Bundles of  Spike  Rush Corms ( E l e o c h a r i s  s p . ) >  
Arafura  Swamp (The Thomson C o l l e c t i o n ,  Museum 
of V i c t o r i a  Cour t es y  of Mrs D.M. Thomson)
Scale : 1 CM = 8  CM
262
1973). In the wet season, they tended to locate their camps on higher ground where they could avoid flood 
waters and catch any breezes which helped to disperse annoying insects (Altman 1982:47; Meehan 
1982:26; Peterson 1973:173; Thomson 1948-49:56, 1983:96). People also built shelters and lit smokey 
fires to keep the insects at bay (Meehan 1982:152; Peterson 1973:179-80; Thomson 1948-49:26-27; 
1983:96). In north-central Arnhem Land, shelters were often built on mounds in the wet season (Meehan 
1988a:6; Peterson 1973:177). Cooking was done on an adjacent mound under a constructed shade. 
Termite nest ovens added to the bulk of the mounds Peterson 1973:177).
The patterns of seasonal movement and residence associated with the wedands of the Alligator Rivers 
area appear to conform with patterns reported from comparable areas in tropical Australia, that is, wedand 
owners resided there year-round. Spencer (1928:774-75) described Aborigines exploiting resources of the 
East Alligator River floodplains, throughout the dry season of 1912, and moving to new camps when 
resources became depleted. In the wet season, they retreated to rockshelters of the nearby escarpment 
(1928:823-24). In the late wet season, they returned to the floodplains to harvest goose eggs (Spencer 
1914:32). Warburton (1944) reported Aborigines living year-round in the vicinity of the wetlands, during 
the early 1920s.
The oral evidence indicated that, during the dry season, residence was shifted seasonally along the 
margins of the South Alligator floodplains, according to availability of resources. A scries of campsites 
were occupied, from Kina in the south to Garlurrgulurrgu on the edge of the Nourlangie Creek floodplains 
(Levitus 1982:80) (Figure 7:13). Aldcrson reported that Amakada and Kina were occupied during the late 
dry season (November to December). Kumunkuwi and Kunkundumku were occupied in the early dry 
season (April to May). Mamutjirra was used in the early and mid dry season (Meehan ct al. 1985) (Table 
7:9).
Residence in the vicinity of the wetlands was maintained throughout the wet season. The Murrumburr 
people moved to higher ground nearby and built stingybark shelters. One important wet season residence 
was Bonoboyu, close to Cooinda (Levitus 1982:81) In the wet season, Alderson and her family moved into 
the open forest on the high ground adjacent to the dry season sites of Kumunkuwi and Mamutjirra 
(Brockwell 1983:72; Meehan et al. 1985:121,131). Alderson showed me two of these wet season camps, 
one located behind Kumunkuwi. No stone artefacts were evident. However, there were several artefacts of 
European origin, including rolls of barbed wire and a meat mincer. Alderson and her family hunted 
wallaby and gathered ’sugarbag’ (honey from native bees) from this area.
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Figure 7:9 Violet Alderson Collecting Water Plants, Kakadu (after 
Meehan et al 1985 : 110)
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7.7. Division of Labour
Sexual division of labour was well-marked in Aboriginal societies of Arnhem Land (Jones in press; 
Thomson 1949:21,25-26). Women collected and prepared vegetable food, shellfish and small game. Men 
hunted larger game, fished and made their spears, spearthrowers and fighting weapons. In addition, men 
were responsible for firing the country. At the Arafura Swamp, they built the special canoes for undertook 
the goose egg collecting expeditions (Thomson 1983:98). The same divisions of labour existed in western 
Arnhem Land (Altman 1987:108,122; Bemdt and Bemdt 1970:33-34; McArthur 1960:93). However, these 
divisions were not absolute and involved cooperation between the sexes when necessary (Altman 
1987:122; Meehan 1982:34).
7.8. Technology
7.8.1. Freshwater Wetlands as a Resource Base for Material Culture
Freshwater wetlands were not only important for food resources, but also because they contained raw 
materials for manufacture of items of material culture. Such areas support stands of bamboo (Bambusa 
arnhemica) and a reed (Phragmites karka) both useful for manufacturing spear shafts; freshwater mangrove 
(.Darringtonia acutangula) used as a fish poison; a grass (Cyperus sp.) used as medicine and the broad- 
bladed variety for weaving; a leafy tree ('Carthormion umbellatum) used to construct shades; and paperbark 
forests (.Melaleuca spp.) Paperbark has many uses; as a culinary herb, medicine, to wrap game for cooking 
in earth ovens, to make paperbark rafts, water containers, baskets, bedding, sheeting for shelters and 
wrappings for the dead (Figures 7:13, 7:20). These functions have been observed on various occasions in 
the Alligator Rivers region since contact (Bemdt and Bcrndt 1970; Chaloupka and Guiliani 1984; 
Leichhardt 1847:495-96,505; Russell-Smith 1985b:266-67; Spencer 1928). At the .Arafura Swamp, 
Thomson (1983:101) reported spike rush being used as thatch for sapling hides to capture geese. In the 
Alligator Rivers region, spike rush is recorded as having been plaited to make dilly bags, baskets, mats, 
pubic fringes and ’skirts’ (Bemdt and Bemdt 1970:39; Chaloupka and Guiliani 1984:63).
7.8.2. Specialized Equipment Used in Wetland Areas
Throughout northern Australia, exploitation of aquatic resources required a specialized technology (for 
example, spears, fish traps, fish nets and canoes). Comparison between the Alligator Rivers region and 
comparable areas demonstrates that similar types of equipment were employed in all areas. The evidence 
also suggests that such equipment has been used throughout the post-contact period.
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F i g u r e  7 - T1 Topsy  Mungk iwa  P r e p a r i n g  and C o o k in g  F r e s h w a t e r  T u r t l e s ,  
Kakadu 1987 ( P h o t o g r a p h  by P. Tacon)
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Figure 7:12 Mary Carari Plucking Magpie Geese, Kakadu 1987 (Photograph 
by Paul Tacon)
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7.8.2.I. Watercraft
Thomson (1983:96-98) described in detail special canoes used by the wetland hunter of the Arafura 
Swamp to hunt geese and gather goose eggs in the late wet season (Figure 7:14). These canoes were made 
from a single sheet of Eucalyptus tetradonta and bound with vine (Flagellaria sp.). They had a sharply 
pointed bow shaped like a shoe to ease passage through the grassy swamps. The canoe was propelled with 
a pole about three metres long. The canoes were frail and lasted no more than three trips.
There are numerous reports of watercraft being employed in the Alligator Rivers region. Leichhardt 
(1847:518) observed ’canoes’ on the lower reaches of the South Alligator River. Spencer (1928:797) 
(Figure 7:15), Warburton (1944:160,167,189) and Bemdt and Bemdt (1970:39) recorded dug-out canoes 
and paperbark rafts being used during the dry and wet seasons for fishing and transportation. Warburton
also observed the construction of a dug-out canoe:
A large tree had been felled, and about twenty-two feet from the butt end had been burnt and tomahawked 
off. It was some three feet in diameter, and the centre had been burnt out with coals and chipped away 
(1944:94)
The oral evidence stated that at several South Alligator wetland sites (specifically Kumunkuwi, Kungilil 
and Ambaralgil) (Figure 4:2) local residents made rafts from saplings and poled them out into the swamps 
to goose nests in the late wet season.
7.8.2.2. Goose Platforms
Another specialized adaptation of hunting strategies for wetland conditions were goose platforms. At the 
Arafura Swamp, these platforms were used as an overnight base for the hunting of geese and the collecting
of eggs in the late wet season (Thomson 1948-49:57,1983:98) (Figure 7:16).
The platform ... is a frail and somewhat crude affair, made by wedging three or four poles in forks suitably 
situated and laying sticks across to form the floor which is covered with sheets of tea-tree bark. No lashings 
or fastenings of any kind were used, and one had to learn to place one’s weight.... Fireplaces were made on 
the sleeping platforms by plastering the bark with a thick coating of sticky blue mud from the bottom of the 
swamp, for fires are needed to cook food and to give some protection from the mosquitoes (Thomson 
1948-49:57).
Goose-wing fans were also used to keep the mosquitoes at bay. Because of the uncomfortable conditions, 
the hunters had little rest and the journeys were usually of short duration (Thomson 1948-49:57, 1983:98).
Late in the dry season at the .Arafura Swamp, the goose-hunters climbed leafy trees overhanging 
waterholes and hurled sticks into groups of flying birds. The sticks were made of slender saplings about 
two metres in length, stipped of bark at one end to act as a counterpoise and with small protuberances 
which prevented the stick from sliding off the smooth feathers of the birds (Thomson 1983:101). Dahl 
(1926:99) reported the same methods are used to hunt geese on the Daly River floodplains (Figure 7:1). He 
also recorded the use of goose-wing fans in this area (1926:122-23).
Cole (1988) provided a vivid description of hunters on goose platforms in the Alligator Rivers region:
.... to my amazement, standing up in the topmost branches were three naked Aborigines, their feet planted
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on two or three cross-sticks stuck in forks of the branches. Because of the foliage I couldn’t see very clearly 
but as the birds skimmed the treetops the trio let fly with short sticks. They were so close to their targets they 
didn’t have to be exceptional marksmen, but they certainly had to be outstanding acrobats (1988:258).
The wounded birds were collected and their necks wrung by women standing at the base of the tree. Cole
examined a stick and described it as half a metre long, slightly shaped with the bark stripped off and a
knobbly end. Warburton (1944:134) and Bemdt and Bemdt (1970:40) also reported sticks used to fell
geese in the area.
The oral evidence indicated that in the late dry season, platforms were built in trees to fell the geese from 
the air with sticks, soaked in water to make them heavy (Chaloupka 1981:170; Chaloupka et al. 
1985:124,169). At Kumunkuwi, these sticks were made from Strychnos lucida and fashioned with stone 
axes (Meehan et al. 1985:131).
Goose-wing fans were reported for the Alligator Rivers region by Leichhardt (1847:492,502-503). 
’Bunches of goose feathers, which the natives use to brush away the flies’ were presented as gifts to the 
party by the Gagudju people of the East Alligator River. Spencer collected a specimen while visiting 
Kakadu (Figure 7:17). He described these fans as being:
made out of two wings of the palmated goose .... The two wings are always tied together with human-hair 
string. It is a most useful implement in a country where flies by day and mosquitoes by night are often a 
perfect pest (1914:396).
They are still used in the area today Bemdt and Bemdt (1970:40) (Figure 7:18).
7.8.2.3. Spears
Several spear types have been reported for the Alligator Rivers region, including one variety which was 
used exclusively for hunting geese on the wetlands. Leichhardt (1847:492) reported Aborigines armed with 
’armed with small goose spears, and with flat wommalas’ and later admired their skills in spearing geese 
(1847:495-96). He (1847:513) also observed ’jagged-fish spears’, but did not describe them further. 
McKinlay (1866:6) recorded the use of barbed spears for fishing on the Soudi Alligator River.
Last century on the Cobourg Peninsula, Sweatman (1977:146) described and illustrated spears ’made of 
light reed and ... thrown by a flat broad throwing stick about three feet in length’. Macgillivray (1852:146) 
described a type of spear also made from reed.
Spencer (1928:357-59) reported three spear types peculiar to the Kakadu people, though he provided little 
detail about specific functions. One specimen (kunjolio) was a short bamboo spear hafted with a sharp 
wooden point, about 1.5m long and light in weight, probably the same type of goose spear observed by 
Leichhardt. Another specimen (kujoro) was used for Fishing. It was also about 1.5m long, with four 
hardwood bone-tipped, prongs wrapped around a piece of bamboo with paperbark and hafted to a wooden 
handle with string (Figure 7:19). The third type (Jiboru) was about three metres long, single-pronged with 
a hafted bone-tip lixed with gum and a handle of reed or bamboo to attach it to a spearthrower. Spencer
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Figure 7:15 Dugout Canoe, Oenpelli Lagoon 1912 (The Spencer Collection 
Courtesy of the Museum of Victoria)
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Figure 7:16
I
Wet Season Goose Platform, Arafura Swamp (The Thomson 
Collection Museum of Victoria Courtesy of Mrs D.M. 
Thomson)
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(1928:797) noted that wooden bone-tipped prongs of fish spears were being replaced with prongs made 
from fencing wire. Warburton (1944:149) reported a three-pronged spear being used to spear fish.
The oral evidence described hunters using thin light reed (Phragmites karka) spears, tipped with a sliver 
of hardwood, which were thrown into groups of feeding birds (Chaloupka 1981:170, Chaloupka et al. 
1985:125). A number of such spears collected from the Alligator Rivers region are held in the Australian 
Museum in Sydney.
7.8.2.4. Fishing Equipment
Leichhardt (1847:513-24) reported large conical fish and crab traps made from Phlagellaria sp. at the 
East Alligator Crossing. Spencer (1928:782,817) described nets being used to catch fish. The catch was 
driven into the net by beating the water with long grass stalks.
The same method was reported by Bemdt and Bemdt (1970:39), with the net being placed across a creek 
with three or four posts. Winged fish nets were used in a similr fashion (McCarthy and McArthur 
1960:158-59, 162, 164). Twine and dried roots were used to make both fish traps and nets. One kind of 
trap was described as ’a large and very wide-meshed basket [enclosing] a "daughter" basket with two 
openings, the smaller at the bottom’ (1970:39).
The oral evidence indicates that winged fish nets made from Ficus virens were used in the area 
(Chaloupka and Guiliani 1984:10,63). Several specimens are held in the Alligator Rivers collection at the 
Australian Museum.
7.8.2.5. Huts
Basedow (1907:29-30) described a type of wet season shelter, common throughout northern Australia, for 
which Thomson (1983) provided details at the Arafura Swamp (Figure 7:20):
As a protection against the almost incredibly numerous and persistent mosquitoes they built a special type 
of dwelling. Generally these were large communal houses, beehive shaped, with entrance and exit low to the 
ground so they could be readily blocked with grass to keep out the mosquitoes. The framework would be of 
pliant saplings, roofed with paper-bark (1983:96).
Leichhardt (1847:495-96) described a group of ’a camp of fine oven like huts’ covered with paperbark 
located in the middle of a swamp close to the South Alligator River. He (1847:527) encountered more huts 
at the narrow entrance to the Cobourg Peninsula. Worsnop (1897:153) reported huts about 50 miles up the 
South Alligator River, but did not specify the season. In the early 1920s, Warburton (1944:49) reported 
coming across an abandoned campsite containing ’bee-hive’ huts near Jim Jim Creek. These huts were
occupied during the wet season, as Warburton (1944:151) later witnessed.
It consisted of about a dozen oval huts about three feet high and five feet in the longer diameter .... Hickory 
sticks had been stuck in the ground and bent until the other ends formed an arch, and over them had been 
placed large sheets of paper-bark; finally the lot were thatched. The entrance was merely a loose piece of 
bark. Bob Cadell told us the blacks with their gins and dogs would creep inside and light a small fire to ward 
off the mosquitoes, only emerging when hunger drove them out in search of food (1944:49-50).
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Figure 7:17 Continued:
I -  3 Challenge Sticks
4 F ires ticks
5,7 Spindles
6,8,9 Rasps
10 Goosewing Fan
I I -  14 Ornaments made from beeswax and abrus seeds.
15-17 Headdresses
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Figure 7:18 Nipper Kapirigi with Goose-Wing Fan, Kakadu 1987 
(Photograph by Paul Tacon)
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Bob also informed us that the huts were never used for more than one season. When the wet weather came 
again, the blacks would return and bum the huts, thereby destroying the debil-debils which they knew would 
have inhabited them during their absence.
7.8.2.6. Digging Sticks
Digging sticks were employed widely by women for many tasks, including gathering faunal and floral 
resources from wetland areas. Thomson (1949) illustrated a photograph of women collecting spike rush 
corms from the Arafura Swamp using this implement (Figure 7:21)
In the Oenpelli area, muddy swamps were probed for long-necked tortoises and spike rush corms 
(McArthur 1960:106,113). The oral evidence indicated that digging sticks were used for the same purposes 
in the Alligator Rivers region. They were made from hardwood, about one metre long, three centimetres 
thick and tapered to a point. Today, this implement has been replaced by steel crowbars (Chaloupka and 
Guiliani 1984:56; McArthur 1960:98).
7.8.3. Uses of Stone
Although he never saw them used, Leichhardt (1847:513) mentioned stone-tipped spears and was 
presented with a ’spear’s head made of baked sandstone’ (1847:486).
By the time Spencer (1928) visited the Alligator Rivers region in 1912, stone tools had fallen into disuse, 
though he did observe three hafted stone axes (Figure 3:14). Shell was the main cutting and scraping tool
used at that time (1928:844). The Aborigines, however, were still aware of the previous functions of stone:
In the gravel I found some chipped stones that looked like native work, so I showed them amongst other 
stones to our boys, who at once picked them out as being made by the blackfellows (Spencer 1928:857-58).
The Aboriginal informants who accompanied us to the South Alligator wetland sites remembered using 
flat sandstone grinding slabs to grind waterlily seeds and stone axes to fashion goose-felling sticks. They 
named Nurrungurrudjpa as a source for axe blanks (see Chapter 4). The trigonal blades they said were used 
as spear points (see Chapter 3). Otherwise, they were unaware of the functions of the other stone tool types 
at the sites, except to say they were used by ’the old people’.
7.8.4. Contemporary Hunting Equipment
Today, indigenous hunting equipment has been replaced largely by rifles and shotguns, nylon fishing line, 
lures, Toyotas, aluminium dinghies and fibreglass canoes. Motor vehicles have greatly increased potential 
mobility and reduced the necessity to shift campsites, but it is doubtful whether rifles and fishing lines have 
significantly affected food procurement, except in so far as buffaloes can now be shot (Altman 1984:37, 
1987:108; Finlayson et al. 1988:114; 1988:12; Meehan in press).
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Figure 7:19 Spears. Jiboril (third from right) (Spencer Collection 
Courtesy of the Museum of Victoria
A fte r  Spencer 1914 : Plate 27)
Scale : 1 CM = 20 CM
2 80
Figure 7:20 Wet Season 'Mosquito Huts', Arafura Sv/amp (The Thomson 
Collection Museum of Victoria Courtesy of Mrs D.M. 
Thomson)
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Figure 1 '.'ll Quartzite Spear Points '•'rapped in a Paperbark Trade Bundle, 
Ngilipitji (The Thomson ioileetion Museum of Victoria 
Courtesy of Mrs D.M. Thomson 
Scale not available
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7.8.5. Use of Fire
Today, Aborigines in northern Australia bum to ’clean up’ their country, clearing undergrowth and thus, 
easing movement through the bush. Fire also helps eliminate snakes and mosquitoes and Hushes out game. 
New vegetation after fire has passed attracts animals to the area. The annual cycle of firing the landscape is 
similar throughout Arnhem Land.
Leichhardt (1847:493) reported the plains being fired in the late dry season near Banitja, while Edmunds 
(1866) reported fires in the mid-dry season. More recently in the Alligator Rivers region, it has been 
reported that burning traditionally began in banggerreng (late wet season) (Figure 7:3), around wet season 
camps. Because of the damp, these fires burned slowly. Particular Horal stands were fired at prescribed 
times. As the country dried up during yegge and wurrgeng (early to mid dry season), people began to move 
around the countryside, lighting fires as they did so. The floodplains were burned during this period. 
These fires died naturally when dew settled at night. By the middle of the dry season, a mosaic of burnt 
and unbumt country was created, preventing any severe and uncontrollable fires occurring at the end of the 
dry season. During gurrung (late dry season), because of the lack of dew and the danger of widespread 
uncontrolled conflagrations, fires were not lit. However, occasionally a man-made fire or a lightning strike 
would get out of control. By the first rains (gunumeleng), it was safe to bum again. Burning could be 
continued even in gudjewg (full wet season), if there were dry periods (ANPWS 1980:41, 1986:59; Russcll- 
Smith 1984:29-300).
Elsewhere in Arnhem Land, Aboriginal people try to avoid burning monsoon forest which they regard as 
a valuable source of food, and which often harbour important and ’dangerous’ totemic sites (B. Meehan 
pers.comm). They bum fire breaks around such areas to protect them while firing other areas (Haynes 
1985:210; Jones 1980:124, Russell-Smith 1985:200). Oral evidence indicates that this was not the case in 
the Alligator Rivers region, nor on the Cobourg Peninsula. Monsoon rainforest was regularly burned in 
these areas to improve regeneration of yams, such as Amorphallus spp. and Dioscorea spp. Furthermore, 
Aborigines used to camp within the boundaries of monsoon rainforests, on the floodplain margins of the 
rivers. These were burnt regularly in order to clear camping areas. This evidence is supported by the 
existence of stands of Allosyncarpia sp. in clearings with marked boundaries between neighbouring 
vegetation (also thought to be fire induced), and in association with pre-contact Aboriginal camp sites 
(Russell-Smith 1984:31; Russell-Smith and Dunlop 1983:15).
284
7.9. Regional Seasonal Movements and Residence Patterns
Elsewhere in northern Australia, the presence of freshwater wetlands influenced the seasonal movements 
of not only the local residents, but also of neighbouring groups. High resource productivity in the late dry 
season allowed large groups of people to gather for several weeks at a time. These gatherings were 
sanctioned by ceremonies and trade (see below). (Altman 1984:38, Altman 1987:196; Chase and Sutton 
1981:1838; Chaseling 1957:44; Dahl 1926:199; McConnel 1957:14; Meehan 1982:41; Thomson 
1939:216). At the end of the wet season, when the geese laid their eggs, the floodplains were again capable 
of sustaining large groups (Thomson 1983:96).
Leichhardt (1847:507) reported groups of up to 200 Aborigines gathered along the floodplains of the 
Alligator Rivers regions, exploiting the produce of the freshwater wetlands in the late dry season of 1845. 
In the same season in the early 1920s, Warburton (1944:180) recorded that 500 to 600 hundred Aborigines 
from as far as 150km away congregated beside a large billabong to conduct initiation ceremonies.
The oral evidence indicates that the Badmardi clan from Deaf Adder Gorge travelled to the South 
Alligator wetland sites at the end of the dry season and joined the local groups to hunt geese and collect 
spike rush corms. During the late wet season the Badmardi again journeyed to the wetlands to take part in 
the goose egg harvest. They camped at either Kumunkuwi, Kunkulil or Ambaralkil (Chaloupka 1981:165). 
The Badmardi were unfamiliar with wetlands technology and had to rely on the local people to make rafts 
etc (Chaloupka 1981:165).
7.10. Ceremonies and Trade
The literature and oral evidence indicates that these events were an established feature of the seasonal 
round of activities in the Alligator Rivers region.
The nature and form of ceremonies performed in western Arnhem Land have been recorded in detail by 
several observers (Altman 1987; Bemdt 1951; Bemdt and Bemdt 1970; Chaloupka et al. 1985; Spencer 
1914, 1928). The regular occurrence of these events in the Alligator Rivers region is demonstrated by a 
comment of Spencer’s ’Once more, to my relief there have been no ceremonies for three days, which has 
given us the chance of quiet talks with our chief informants ....’ (1928:776).
In western Arnhem Land, economics were an integral aspect of ceremonies. These gatherings provided 
the opportunity for scarce resources to be distributed among groups (Altman 1987:196; Bemdt 1951:157). 
Bemdt (1951) listed six principal trading ceremonies that took place in western Arnhem Land among the 
Gunwinggu of Oenpelli. Through these ceremonies the Gunwinggu obtained desired goods in exchange for 
indigenous commodities which they produced. The ceremonial connections extended to all points of the 
compass, including to the southwest to the South Alligator River, from where bundles of bamboo spears
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were obtained. Stone serrated and shovel-nosed spears were provided by people from the escarpment up to 
80 km away (Berndt 1951; Bemdt and Bemdt (1964:116,156). Warburton also reported trade between the 
people of Oenpelli and the South Alligator River (1944:85).
The oral evidence indicates that clans throughout the Kakadu region were linked through marriage and 
blood ties. Trading activities and the cooperative ceremonies they usually involved reinforced these bonds 
as well as providing access to resources. During the late dry season when the Badmardi visited the South 
Alligator wetland sites, they took part in major ceremonies, often involving other people from distant parts 
as well as the wetland owners. One important ceremonial site was at Banitja, south of Mularnani (Figure 
4:2). While at the wetlands, the Badmardi cut bundles of bamboo and Phragmites sp. reeds to take back to 
their country for making spear shafts. In exchange, they brought stone spear points (trigonal blades) from 
their plateau valley quarries for the wetland owners who lacked stone resources (Chaloupka 1981:165,170; 
Chaloupka et al. 1985:30; Meehan et al. 1985:131,135; White and Peterson 1969:57). The system was 
ongoing. The Badmardi straightened the spear shafts and then traded them to their ’stone country’ 
(escarpment) neighbours; they also collected hatchet blades from a quarry at Nabilawurr Creek to trade 
further south. In the upper South Alligator River valley they collected red ochre for painting. These 
trading activities usually involved cooperative ceremonies with clans through whose country' they passed. 
(Chaloupka 1981).
The oral evidence suggests that the social connections of the South Alligator wetland occupants also 
extended southwards. The chert found on the wetlands sites was obtained from Barramundic Creek some 
50km south of the study area (Meehan et al. 1985:138) (Figure 1:2). After contact, trade goods included 
European items (Altman 1987:196-97; Bemdt 1951; Chaloupka et al. 1985:144).
Until reccndy, ceremonial trade networks in eastern Arnhem Land embraced an area of more than 
80,000km2 (Jones and White 1988:54; Thomson 1949:20). Quartzite spear points (ngambi lirra) were an 
important feature of this system (Jones and White 1988; Thomson 1949; Stanncr 1933-34; Warner 1937). 
Ngilpitji, located on the Walker River (Figure 7:1) is a key quarry for the quartzite trigonal blades from 
which diese spear points are derived. The blades were wrapped separately in paperbark (Figure 7:22), tied 
in bundles of a dozen or more and traded widely throughout eastern and central Arnhem Land as a key 
element of the ceremonial exchange cycle which linked the diverse linguistic groups of the region 
(Davidson 1935:175; Thomson 1949:70; Warner 1958:153). Ngilipitji’s importance lies not only in the 
fact that it is one of the only sources of high grade quartzite in the whole of eastern Arnhem Land, but also 
in the mythology which surrounds the site (Jones and White 1988:84). The quarry was located close to 
ritually important dreaming sites associated with the myth of the Wawilak Sisters and the elements of 
Kunapipi liturgy. Access was restricted to men of two particular clans, who exercised exclusive control 
over manufacture and distribution of these tools (Jones and White 1988:54-55; Thomson 1983:72).
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Quartzite blades from Ngilpitji were considered to be imbued with magical properties and were therefore 
prized throughout eastern Arnhem Land for hunting and fighting spears (Thomson 1949:65, 1983:70).
Several quartzite blade quarries exist in western Arnhem Land (see Chapter 5). McCarthy and Setzler 
(1960:275) reported that the blades produced near Oenpelli were wrapped in paperbark and used for trading 
purposes. This trade was often associated with the cooperative ceremonies described above. However in 
western Arnhem Land, perhaps because suitable quartzite is common along the escarpment cliffs, blade 
manufacture may not have been so exclusively controlled as it was in eastern Arnhem Land, nor imbued 
with the same ritual restrictions. At any rate, our Aboriginal informants did not indicate that this was the 
case. Information from N. Kapirigi indicated that a quartzite quarry located in Deaf Adder Gorge had last 
been used by his father, who had manufactured blades for spear points there, which they packed for trade in 
paperbark parcels.
7.10.1. Population Density
Keen (1980a), using Birdsell’s (1953) formula for estimating carrying capacity (based on annual rainfall), 
and data from elsewhere in Arnhem Land (Hiatt 1965; Warner 1958), calculated a pre-contact population 
total for the Alligator Rivers region. He proposed a figure of some 2000 people, or approximately one 
person per 8km2, with an average membership of the (gunmugurgur) of about 38 people (Keen 1980a: 176). 
If this figure is accurate, the contemporary population has been reduced to perhaps three percent of its 
original total.
Tins estimate is comparable with those for inland eastern Arnhem Land (Jones 1980:169; White 
1978:45). However, Birdsell’s model does not adequately account for coastal and wetland areas where 
productive capacity is a function of the presence of large river systems rather than rainfall (Jones 
1985a:293). The environment and settlement patterns of the South Alligator wetlands are comparable with 
those of the Cape Keerweer region of western Cape York which has a population density of 3.2 persons per 
km2. In southwestern Victoria, a region which also contains highly productive swamp systems (see 
Chapter 9), Lourandos (1980:248) has estimated a figure of 0.3 to 0.7 persons per km2. Given the resource 
richness of the Alligator Rivers wetlands and the productive ecosystems adjacent, it is possible that the 
region supported a somewhat higher population than that estimated by Keen.
7.11. Historic Model
By combining the information derived from the historic, ethnographic and oral sources outlined above, it 
is possible to reconstruct an historic model which approximates Aboriginal use of wetlands and settlement 
patterns in the Alligator Rivers region. The evidence from other areas in tropical Australia indicates the 
importance of freshwater wetlands to Aboriginal subsistence strategies and the effect they had on
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settlement patterns. The historic evidence confirms that such was also the case lor the Alligator Rivers 
region in the post-contact period.
The large productive capacity of the Alligator Rivers freshwater wetlands allowed a comparatively dense 
population to subsist in the region. The population was divided into a number of land owning groups living 
on defined estates. The South Alligator wetland sites were owned by one of these groups. Because of the 
juxtaposition of the floodplains with other productive ecosystems, the wetland owners were able to 
maintain year-round residence in the vicinity of the wetlands. In the dry season, they lived on the large 
open sites adjacent to the swamps and exploited wetlands produce. Sites were occupied at different times 
during the season, according to availability of resources and water. In the wet season, the occupants moved 
to higher ground. They subsisted on the resources of the open woodlands and monsoon forest and resided 
in wet season huts.
Effective exploitation and occupation of wetland areas required a specialized technology (based mainly 
on perishable raw materials), in which the wetlands people were highly skilled. Besides providing 
abundant food resources, freshwater wetlands were also a productive source of raw materials (some of 
them unique to wetland habitats), useful for making a range of weapons and implements.
Tropical freshwater wetlands are particularly productive twice during the year. At the end of the dry 
season, water birds are numerous and spike rush corms form an abundant vegetable staple. In the late wet 
season, geese flock to the wetlands to lay their eggs. At these times, the floodplains are capable of 
supporting large groups of people. Neighbouring groups moved to join the wetland owners in the bounty. 
These occasions provided an opportunity for trade in regional resources, sanctioned by cooperative 
ceremonies which also served to strenthen ties between the groups. Thus, the wetlands people were able to 
gain access to stone materials, which they lacked, and their inland visitors acquired bamboo and reeds for 
spear shafts.
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Chapter 8
Archaeological and Historic Models of Hunter-Gatherer 
Occupation of the South Alligator Wetland Sites
The aims of this thesis, as stated in Chapter 1, were to determine:
1. The nature of prehistoric site use and settlement patterns on the wetland margins of the South 
Alligator River,
2. the role these sites played in a prehistoric regional economy; and
3. the way in which Aboriginal use of these wetland areas has changed since the first known 
European contact in 1845, and how these changes relate to prehistoric patterns of 
exploitation.
The environmental, archaeological and historic evidence used to address these issues was presented 
chronologically. Archaeological and historic models were derived from the data and are compared with 
each other below.
8.1. Summary of Archaeological Evidence: Aim 1
Aspects of Aim 1 were dealt with in Chapters 2 to 4, through an investigation of environmental evidence, 
site location, and the stone artefacts, which were the only substantial archaeological remains. The data 
from all sites were compared in Chapter 5 and an archaeological model of the nature of prehistoric site use 
and settlement patterns at the wetlands derived.
8.1.1. Environmental Evidence
The environmental evidence revealed that the Kakadu freshwater floodplains are the result of a sequence 
of events, initiated by post-Pleistocene sea level rise and increasing sedimentation during the mid to late 
Holocene. From c.7000 years BP, mangrove forests dominated the estuaries, followed by the development 
of saline mudflats c.3000 years BP and culminating in the establishment of freshwater conditions c.1400 
years BP. By implication, the large open sites adjacent to the freshwater wetlands of the upper South 
Alligator River are probably no more than 1500 to 2000 years old. Today, the freshwater wetlands support 
an exceptionally diverse and abundant flora and fauna. The productivity of the wetlands is related to the 
marked seasonality of the climate. Resources are particularly plentiful in the late dry and early wet 
seasons. Open woodlands and monsoon forests occur on the higher ground, abutting the floodplain 
margins. These communities contain resources which are available in the wet season when the wetlands 
are flooded.
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8.1.2. Site Location
Two site types were identified on the wetland margins:
1. Large open sites, located on headlands of sand and clay, conveniently placed for exploitation 
of swamp resources.
2. Mound sites, often situated on eroded scrub-fowl mounds, either in open woodlands or within 
monsoon rainforest pockets on the open plains about 500m from the wetland edges.
8.1.3. Analyses of Stone Assemblages
In order to provide answers to Aim 1, the stone analyses addressed several specific questions. They 
defined and quantified the wetland sites stone assemblages, which allowed comparisons to be made 
between the wetland sites themselves and other regional assemblages, in terms of site use. Several 
statements about the differences and similarities between the wetland sites were derived from the 
comparison. A summary is presented below.
8.1.3.1. Stone Raw Materials
Overall, a strong similarity between assemblages from the sites was revealed. The majority of sites 
shared the same raw materials - quartz, quartz crystal, quartzite, chert, sandstone, volcanic rock, haematite 
and ochre. However, differences between the sites were observed in distributions of retouched raw 
materials. As certain tool types tended to be made from a particular raw material, these differences were 
related to variability in distribution of tool types between the sites.
The high level of curation of some raw materials implied, and the lack of suitable nearby sources 
confirmed, that there was a shortage of suitable stone for flaking at the wetland sites.
All the raw materials are exotic except for quartz, igneous rock and probably quartz crystal. The presence 
of exotic stone implied the existence of a trade or exchange network within the region and/or the 
exploitation of stone resources over a large territory. The imported raw materials had to be derived from 
specific localities some located up to 50km away. This fact suggested that the owners of the wetlands 
either visited or traded with people from Barramundie Creek and the upper South Alligator River to acquire 
chert; Mt Brockman-Nourlangie Massif for Oenpelli dolerite and quartzite; and Deaf Adder Gorge for 
quartzite. At Mulamani, location and different proportions of raw materials suggested that stone was 
obtained from sources (probably the East Alligator River and Magela Creek areas) different from those of 
sites located south of Nourlangie Creek.
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8.1.3.2. Stone Tool Types
The main stone tool types found at the wetland sites were unifacial and bifacial points, trigonal blades, 
chisel slugs, edge rejuvenation flakes, use-polished flakes, retouched and usewear flakes, hatchets, mortar 
dishes, pestle/pounders, flat sandstone grinding slabs, ground haematite and ochre pieces.
The presence of these tool types, by definition, implied what kind of activities took place at the sites. For 
example, use-polished flakes suggested processing of silica-rich swamp plants; chisel slugs were used to 
work wood, edge rejuvenation flakes being the product of resharpening these tools; retouched and usewear 
flakes implied general scraping and cutting functions; pestle/pounders, grinding slabs and mortars 
suggested specific grinding and pounding activities; hatchets indicated chopping tasks; and unifacial, 
bifacial and trigonal points implied land-based hunting activities, though there were indications that the 
trigonal blades may originally have been a trade item.
The same range of tool types occurred at all sites. However, at some sites they were distributed 
differently. The proportions of tool types suggested what activities were more prominent and important at 
each site.
Most sites shared a consistently high proportion of woodworking tools, indicating that manufacture of 
wooden implements was an important activity. There was also a low proportion of unifacial and bifacial 
points and trigonal blades which emphasized that land-based subsistence strategies were not a high priority 
at most sites.
Differences, mainly related to proportions of tool types, may be generalized to infer that;
1. More woodworking took place at Kina and Mamutjirra, than at the other sites. This 
conclusion suggested that both sites were base camps for exploitation of the freshwater 
swamps.
2. More use-polished tools were found at Kunkundumku, Mamutjirra and Mulamani. This 
suggested that swamps adjacent to these sites contained the plants which, while being 
processed, deposited a silica-based residue on the flakes. If this plant was Eleocharis dulcis, 
the presence of these flakes suggested an early to mid dry season time of occupation at these 
sites.
3. The high proportion of grinding tools, in particular flat grinding slabs and pestles, indicated 
that there was an emphasis on grinding activities at Kumunkuwi.
8.2. Aim 2
In Chapter 6, archaeological evidence from the South Alligator wetland sites was compared with that 
from regional rockshelters in the north and south of Kakadu. This evidence was considered in the light of 
the geomorphological evidence for floodplain evolution leading to the establishment of regional freshwater 
conditions. Rocksheiter sequences were examined to assess what impact, if any, the emergence of the 
freshwater wetlands had made on the regional economy. An archaeological model for the role played by 
wetland sites in the regional economy was constructed based on these data.
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8.2.1. Stone Tool Types
The differences between tool kits from sites of the region was not one of type, but proportions of types. 
These differences probably reflected different site location and economic base. Sites most alike in terms of 
environmental location were the northern plains sites and the South Alligator River wetlands sites; and 
Jimeri I and Jimeri II in the north and Nauwalabila in the south. It should be noted that the plains sites in 
the north are in much closer proximity to the escarpment than the wetlands sites in the south.
The tool assemblages from the South Alligator wetland sites emerged as a distinct and identifiable 
combination of implements when compared with the assemblages from the rocksheiter sites. However, not 
surprizingly, the wetland assemblages shared more features in common with the shelters bordering the 
floodplains of the East Alligator River and the Magela Creek than they did with the inland rockshelters of 
the outliers and the plateau valleys.
The most notable differences between the wetland and inland sites were:
1. Inland sites had a high proportion of unifacial, bifacial points and trigonal points, and evidence of in 
situ stone tool manufacture. This situation probably reflects the land-based economic strategies and 
proximity to the quarries located on the escarpment.
2. Polished flakes occurred exclusively at the wetland sites of the South Alligator River and the plains 
oudier sites of the north; and stone tools (apart from those made from quartz and quartz crystal, and at 
Mulamani, from chert) were not manufactured in situ. Of the northern plains sites, Paribari situated on the 
edge of the Magela Creek floodplains, most resembled the South Alligator wetland sites in terms of 
location and tool types. The organic remains at this site suggested that exploitation strategies were 
primarily water-based. Additionally, the large number of bone and wooden tools suggested that there was a 
greater reliance on these items for water-based exploitation strategies. Such a definite conclusion is 
precluded for the South Alligator open sites, given the lack of organic remains. The only organic remains, 
largely freshwater shell and bone, were recovered from the Kina excavation, which confirmed that 
freshwater resources were the focus of exploitation at this site. However, the location of the large open 
sites adjacent to freshwater swamps suggested that exploitation strategies at all wetland sites were primarily 
water-based. This fact explained the presence of the high proportion of woodworking tools at the wetland 
open sites, as they were required to manufacture weapons for water-based subsistence activities. A bone 
point recovered from the Kina excavation suggested that bone also was used for tools at the site.
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8.2.2. Changes in Subsistence Focus
In the north of the Park, the middens at the plains shelters (Malangangerr, Ngarradj Warde Jobkeng and 
Nawamoyn) indicated that, from 7000 to 3000 years BP, exploitation strategies had focussed on estuarine 
shellfish, which correlated with the environmental evidence for widespread mangrove swamp conditions on 
the floodplains at that time.
It has been suggested that Malangangerr, Ngarradj Warde Jobkeng and Nawamoyn were abandoned 
c.3000 years BP, following the disappearance of estuarine resources in the immediate vicinity. 
Geomorphological evidence and compositional changes in midden contents indicated that this event 
coincided with the emergence of unproductive saline mudflats, forcing the subsistence focus to be relocated 
elsewhere. Subsequently, freshwater conditions were established c.1500 years BP, prompting another 
major shift in exploitation strategies. This event, (unfortunately not dated), was recorded at Paribari where 
freshwater shell dominated the upper levels of the midden. If the midden at Paribari were to be redated 
with this evidence in mind, it is likely that an hiatus of occupation would be found between the upper level 
of the estuarine midden and the basal level of the freshwater shell. Further evidence for a shift in 
exploitation strategies, following the environmental change to freshwater conditions, was recovered from 
the upper levels of Paribari where numbers of points declined, suggesting the abandonment of land-based 
hunting activities. At the same time, use-polished flakes associated with processing freshwater swamp 
plants appeared.
In the south of the Park, at Anbangbang I, there was an increase in stone artefact densities c.6000 years 
BP, followed by a more marked increase c.1000 years BP. These changes in deposition rate have been 
interpreted as consistent with an increase in population in the area, coincident, in the first event, with the 
emergence of resource-rich estuarine conditions on the South Alligator River floodplains some 30km to the 
west and, secondly, with the establishment of the even more productive freshwater wetlands.
At Nauwalabila I, 50km east of the South Alligator wedands, there was a decline of stone artefact discard 
c.6000 years BP, followed by an increase c.3000 years BP, and a further decline c.1000 years BP. It has 
been suggested that these events may be linked to environmental changes occurring on the floodplains at 
those times. The emergence of estuarine conditions c.6000 years BP and the consequent availability of 
food would have attracted people to the floodplains. The saline mudflats which emerged c.3000 years BP 
after the mangrove forests declined were not nearly as productive. Consequently, people may have moved 
back to the drier interior. However, with the appearance of freshwater swamps c.1000 years BP, people 
would have been attracted again to the floodplains by the availability of diverse and abundant resources 
there. The importance of the freshwater wetlands to the regional subsistence economy is demonstrated by 
the regional rock art, depicting subjects characteristic of freshwater ecosystems.
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8.3. Aim 3
In Chapter 7, an historic model examining the same issues raised by the archaeological evidence was 
derived from literary and oral sources. A composite archaeological model, based on the environmental 
evidence from Chapter 2 and the archaeological evidence presented in Chapters 5 and 6, is presented and 
compared with the historic model below.
8.3.1. Archaeological Model
1. The location of large open sites along the freshwater wetland edges of the South and East Alligator 
Rivers implied that they were dry season sites used as base camps for exploitation of freshwater swamp 
resources. Midden contents at Kina and Paribari confirmed that subsistence activities focussed on these 
resources.
2. The size of the wetland sites and density of the archaeological debris suggested that resources available 
from the freshwater wetlands were economically significant to the Alligator Rivers region Aboriginal 
inhabitants in the past.
3. The environmental evidence indicated that large freshwater wetlands reach peak productivity during 
the late dry season when waterbirds are confined to ever-diminishing water sources, and the late wet season 
when waterbirds return to the area to lay their eggs.
4. The high proportion of chisel slugs and edge rejuvenation flakes for the sites as a whole, emphasized 
the importance of woodworking activities. The especially high proportion of these tools at Kina and 
Mamutjirra suggested that these sites were base camps for manufacturi ngind maintenance tasks. In the 
rock art of the region, depictions of people hunting freshwater wetland animals with wooden weapons, also 
stressed the importance of wood in a prehistoric water-based subsistence economy.
5. Differences between stone tool assemblages from the sites suggested that sites were used for different 
purposes and/or at different times of year.
6. The presence of stone arrangements near the East Alligator River implied that ritual activity took place 
in the vicinity of the floodplains.
7. The existence of the Mound sites on higher ground adjacent to the floodplains, with access to the 
resources of both monsoon rainforest and open woodland, suggested that the Aboriginal owners of the 
wetlands could maintain year round residence on the wetland margins.
8. Exotic stone present at the wetland sites implied that trade and/or exchange relationships existed 
between the owners of the stone sources, some up to 50km away, and/or an extensive territory. The
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remains of bamboo shafts and paperbark at Anbangbang I and Djuwarr I suggested contact between these 
sites and the wetlands some 30 to 50km to the west, as these plants are not available locally. This 
inter-regional contact was also suggested by recent rock art in the plateau valley and outlier sites, depicting 
wetland fauna.
9. Establishment of productive freshwater wetlands on the floodplains of the upper South Alligator River 
allowed an increased population to subsist in the area.
10. Archaeological remains from the historic period implied some continuity of occupation from pre­
contact times.
8.3.2. Historic Model
1. The historic data indicated that freshwater wetlands were, and are, of key importance to Aboriginal 
economies in tropical northen Australia. They are a productive and reliable source of food and water, 
particularly at the end of the dry season when these resources are scarce elsewhere. Wetland resources are 
available seasonally and Aboriginal groups exploiting them organized their subsistence strategies 
accordingly. These strategies in turn influenced the choice of site location and activities undertaken at each 
site. At the end of the dry season and during the late wet season, the freshwater wetlands are highly 
productive and capable of supporting large groups of people. During the full wet season, resources are 
either flooded, dispersed or unavailable and Aborigines who owned wetland areas focussed their 
exploitation strategies on alternative ecosystems.
2. A wide range of food resources were exploited at Kina and Mamutjirra, though neither site was 
occupied throughout the dry season. Exploitation of Eleocharis sp. was reported for Mamutjirra but not 
Kunkundumku, although both were occupied during the late dry season when Eleocharis sp. corms are 
available in large quantities. Nymphaeceae (water lily) were harvested at Kumunkuwi. The site was 
occupied during the early dry season.
3. A wide range of specialized equipment was required for effective exploitation of wetland zones. Most 
of these items were made from perishable raw materials, such as wood and fibre. Some materials, 
including paperbark and bamboo, were available only from freshwater wetlands. Monsoon forest and open 
woodland provided a range of other necessary products.
4. Local Aborigines maintained that high ground adjacent to the dry season sites at Kumunkuwi and 
Mamutjirra were occupied during the wet season. Similar wet season campsite location has been recorded 
historically in comparable areas elsewhere in Arnhem Land. From these bases, wet season food resources 
were harvested, both from the wetlands (geese and waterbirds eggs) and nearby open woodlands and 
monsoon forest (terrestrial mammals, yams and wet season fruits). However, a survey of this area did not 
locate any sites.
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5. We were shown old campsites located in the open forest close to the South Alligator wetlands, which 
were said to have been occupied during the wet season when the buffalo industry was still operating. One 
of these sites contained historical remains, but no prehistoric evidence. The rest contained no 
archaeological remains at all. However, monsoon forests close to the floodplains have been recorded as 
campsites elsewhere in the Kakadu area. Early explorers and buffalo shooters recorded huts in the vicinity 
of the floodplains and were told by local Aborigines that they were wet season shelters. Elsewhere in 
Arnhem Land, groups of mounds located on high ground adjacent to floodplains were occupied during the 
wet season. Some mounds were used for specialized activities, such as cooking.
6. Observations suggested that labour was divided according to sex. Men flaked stone, made wooden 
weapons, fished and hunted waterbirds and large mammals. Women wove baskets and mats from fibre, 
gathered and prepared vegetable foods and hunted small game.
7. The existence of the gunmugugurr, the land-owning groups of the region, and the well-defined 
boundaries between them, both still recognised today, suggested that this system may have been 
operational in pre-contact times.
8. The presence of a comparatively high population in the past is suggested by the clustering of a large 
number of language groups within the Kakadu area.
9. There was evidence for extensive links between various land-owning and language groups within the 
Kakadu region, as well as further to the north, south, east and west. These networks involved large annual 
gatherings of neighbouring groups at the wetland sites, during periods of peak productivity in the late dry 
season. At these times, wetland products such as bamboo spear shafts were exchanged for inland products 
such as stone spear points. These occasions were sanctioned by co-operative ceremonies, often involving 
ritual equipment and body painting. They were attended by both men and women.
8.3.3. Discussion
The historic account reflected the prehistoric situation on a number of levels, both general and specific.
1. The historic evidence is consistent with the archaeological observations that these sites were important 
resource bases in the past. Freshwater wetlands played an important role in the regional economy, 
supplying useful resources and capable of supporting large numbers of people seasonally. These factors in 
turn influenced group movement throughout the region.
2. The use of specialized wooden weapons, specifically designed for exploiting water-based resources 
(for example, goose spears and various fish spears) correlated with the high proportions of stone 
woodworking implements at the sites and the depictions of wooden weapons employed by wetland hunters
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in the rock art of the region. Wood suitable for manufacturing such weapons and of a density consistent 
with the usewear on the woodworking tools (Kamminga 1988) was available in the vicinity of the wetland 
sites.
3. The historic evidence for a wide range of foraging activities at Kina and Mamutjirra supports the 
archaeological hypothesis that these sites were base camps.
4. It was confirmed that grinding was an important activity at Kumunkuwi. The historic evidence 
indicated that the site was occupied during the early dry season when seeds of waterlilies, wild rice and 
panic grasses were harvested for grinding into flour to make cakes and dampers.
5. The historic data concerning early to mid-dry season occupation at Mamutjirra, were consistent with 
the high proportion of use-polished flakes at the site. Spike rush {Eleocharis sp. - proposed as the agent 
causing the glossy residue on use-polished flakes - is available from the adjacent swamp and flourishes 
during this period. There was no relevant oral evidence about Kunkundumku or Mulamani, where there 
were also a high proportion of use-polished flakes. However at Kunkundumku, Eleocharis sp. is available 
nearby and the evidence indicated that the site was occupied in the early dry season.
6. The high proportions of trigonal blades at Amakada, Kumunkuwi and Mound 2 suggested that land- 
based hunting strategies were important at these sites. The oral evidence implied that such was the case, 
for Kumunkuwi at least. As this site was occupied early in the dry season before products from the 
wetlands became abundant, hunting of terrestrial mammals would have been emphasized.
7. The historic evidence supported the suggestion that the differences observed between the 
archaeological sites were related to different activities, as well as seasonal occupation. The absence of 
organic evidence limits the amount of information that can be derived from the comparison between the 
data bases. Nevertheless, some useful observations do emerge.
8. Although there was no archaeological evidence for wet season occupation at the Mound sites, apart 
from the high proportions of trigonal blades, the model need not be abandoned. The historic evidence from 
Kakadu and elsewhere was clear on this point. In wetland areas, where there were alternative micro­
environments nearby, the owners maintained year round residence, shifting camp to higher ground during 
the wet season. The fact that the South Alligator Mound sites were originally scrub-fowl mounds indicated 
that they were once located within monsoon forest. Aboriginal wet season residence within monsoon 
forests has been recorded historically elsewhere in Kakadu. Thus the location of the Mound sites, together 
with the historic observations, suggests that these were indeed wet season sites. Excavation may resolve 
this issue.
9. Differences in distributions of stone materials and tool types between the Mound sites suggested they
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were used for different purposes. The historic evidence for functional differences between occupied wet 
season mounds elsewhere in Arnhem Land strengthens the suggestion. Further sampling of mound sites is 
required to test this theory.
10. The archaeological evidence indicates that sexual division of labour similar to that described in the 
historic sources, may have operated in the past. The range of stone tools occurring at the sites could be 
associated with the activities of both men and women (for example, grinding tools were probably mostly 
used by women, whereas stone spear points and woodworking tools were probably used by men).
11. The ethnographic evidence was consistent with the archaeological premise that the presence of exotic 
stone materials at the wetland sites and wetland products at inland sites implied trade and/or exchange 
relationships with neighbouring groups. Because most exotic stone could be attributed to known localities, 
specific connections were indicated. The ethnographic evidence suggested ways in which the system may 
have operated and how it related to seasonal availability of resources. For example, the Badmardi people 
trekked annually to the wetlands in the late wet season to take advantage of the goose egg harvest. In 
exchange, they brought stone spear blades from their valley quarries. Occasionally, people from the South 
Alligator wetlands attended ceremonies with the Gunwinggu people near Oenpelli, bringing bamboo spear 
shafts as gifts.
12. The existence of a number of defined clan territories within the Kakadu area also implied that the 
system was one of trade and/or exchange between several groups, rather than one group of people 
exploiting a large territory.
13. The archaeological occurrence of ground haematite pieces (which could have been used for body 
painting), ’cylcons’ (perhaps originally ritual objects) and the stone arrangements reported from the East 
Alligator River suggested that ceremonies, as recorded in the historical observations, took place at wetland 
sites in pre-contact times at the end of the dry season when the freshwater wetlands were at peak 
productivity.
8.4. Conclusions
In general, the archaeological model proposed above was reinforced by the historic evidence. The latter 
also complemented the archaeological data by providing details about events of which only the barest 
outline or indication has survived archaeologically. However, at various points the two bodies of data 
diverged. This divergence concerned mainly site location and use.
Aboriginal use of wetlands has changed in many respects since the arrival of Europeans. Following 
contact, fewer people were exploiting such areas for a number of factors. These factors help explain the 
discrepancies between the data bases.
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1. Buffaloes, feared by the Aborigines, competed for use of the same ecosystem. Additionally, many 
wetland areas became unproductive because of environmental damage caused by buffaloes. As a result, 
swamps evaporated much earlier in the dry season than previously. Historic accounts indicated that 
vegetation cover was different in the past and new plant species have colonized wetland areas since. 
Leichhardt observed buffaloes when he first travelled through the area in 1845. By the 1890s, there were 
sufficient animals to support a shooting industry. Thus, the wetlands may already have been adversely 
affected by late last century.
2. By the 1890s, more or less permanent European settlement in the Kakadu area heralded a change in life 
style for most local Aborigines. They became increasingly involved in European economic enterprises and 
reliant on European food (especially carbohydrates) to supplement their bush diet. Many moved from 
traditonal clan estates, attracted to newly settled areas for a variety of reasons.
3. By the early 1900s, the Aboriginal population had been much reduced by exotic diseases.
4. With European pastoral expansion, metal replaced stone in the Aboriginal subsistence economy. 
Spencer (1928:857-58) observed that use of stone had all but ceased when he visited the Alligator Rivers 
area in 1912, though at that time people still maintained knowledge about stone use in the past.
5. Despite some discrepancies between the models derived from the archaeological and historic data, they 
have corresponded to a remarkable degree. This fact suggests that in the Alligator Rivers region, despite 
social and environmental changes, some pre-contact modes of behaviour have persisted until the recent past 
and, in some instances, to the present. Ironically, this continuity may have been made possible by the 
presence of buffaloes. At first, they inhibited Aboriginal access to the wedands but, once the shooting 
industry was established, people were enticed to return there. Aborigines then began to use the sites in 
much the same way as they had done in the past - exploiting wetland resources in the dry season and 
spending the wet season camped on higher ground. The most notable differences were: Post-contact 
methods of exploitation involved the use of shotguns and horses (and more recently four-wheel drive 
vehicles), rather than traditional hunting methods; some sites were exploited for different resources, 
because resource availability had changed; and bush carbohydrates were not as heavily relied upon as flour 
and sugar were readily available, though some traditional carbohydrate sources (for example Eleocharis sp. 
corms) continue to be collected because they are highly-prized. Additionally, as the buffaloes were shot 
out the freshwater wetlands returned to their former condition and could once more be productively 
exploited.
The arguments above have demonstrated that, for the South Alligator wetland sites at least, models 
derived from historical evidence can be used to test those derived from archaeological data, and that such a 
process can be productive.
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Chapter 9
Kakadu Wetlands in an Australian and Worldwide Perspective
9.1. Archaeological and Historical Patterns of Wetland Subsistence and Settlement 
Elsewhere in Australia
Open archaeological sites on the edges of wetlands have not been studied in detail elsewhere in tropical 
Australia, though they have been reported for the East Alligator, Mary, Adelaide, Blyth and Daly Rivers 
and the Arafura Swamp (H.R.Allen 1978; Kamminga and Allen 1973; Meehan 1988, in press; Peterson 
1973; Smith 1981; B. Cundy pers. comm.; B. Meehan pers. comm.).
Wetlands elsewhere in Australia have also proved to be key areas for Aboriginal settlement, both 
prehistorically and historically. The reasons appear to be the same as have been described for the Kakadu 
area. Mounds are also commonly found associated with wetland and swampy areas in southern Australia.
9.1.1. Western Port, Victoria
9.1.1.1. Archaeology
For the Western Port Catchment of coastal Victoria, Gaughwin (1983:38-40) has demonstrated that the 
coastal plains and associated wetlands and swamps lying behind the coastline were the focus of Aboriginal 
exploitation strategies rather than the coastline itself, as has been emphasized in previous research. She 
based this conclusion on several observations;
1. The total area of the landform was greater than the other landforms in the Catchment - that is, 
the coastline and upland hills.
2. This landform contained an abundant and diverse concentration of edible plant and animal 
resources.
3. The interspersed nature of the well-drained plains and the wetlands and swamps enabled a 
multitude of exploitation strategies to be pursued within one landform.
4. Potable water supplies were abundant and reliable.
5. Although some swamp resources, such as eels and nesting birds, were available only 
seasonally, the resources of the adjacent plains were available year-round, and thus 
supplemented those of the swamps.
6. The resources were easily accessible compared with those of the other landforms in the 
Catchment (1983:42-44).
Gaughwin (1983:113, 154) concluded on the basis of site location and artefact analysis that, within the 
coastal plain formation, sites tended to be located on the plains immediately adjacent to wetlands and
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swamps. These sites were used for multi-purpose activities, as opposed to highly selective use of sites on 
the coastal margins.
9.1.1.2. Historical Evidence
In the Western Port Catchment, historical data about seasonal use of swamps, and site location were 
sketchy, but it was evident that people lived on the coastal plains year-round, and preferred camp sites 
located close to a combination of both wetlands and open forest and scrub. In the summer months (January 
to March), eel procurement was important and groups moved from ephemeral water sources to permanent 
swamps and lagoons as the season progressed. The resource base was rich and population densities were 
high.
9.1.2. Southwestern Victoria 
9.1.2.1. Archaeology
The coastal plain of southwestern Victoria is bounded by the Great Dividing Range (Grampians) in the 
north, the Otway Ranges in the southeast, in the south by the Indian Ocean, and to the west it extends into 
the wedand areas of present day South Australia. Within this area occurs a network of rivers, creeks, 
swamps and wetlands. In the wet season, many areas are inundated and give the appearance of extensive 
marshlands (Lourandos 1976:177, 1980:246,249, 1983:82). Coutts et al. (1978), Lourandos 
(1976,1980,1983) and Williams (1985,1988) have all examined the archaeological and historical records of 
Aboriginal subsistence and settlement patterns on these coastal plains. The area contains a number of small 
and large swamps and wedands, many of which have since been drained by European setders. The region 
is environmentally diverse and contains a variety of landforms, including grasslands, dry and wet open 
forest and woodlands which support a broad range of vegetation types, and an abundance of different food 
resources.
Archaeological evidence of elaborate eel and fish trap systems, were found in associadon with the 
swamps (Coutts et al. 1978; Lourandos 1976:185, 1980:253; Williams 1985:74,77). Settlement was 
associated with anthropogenic mounds located on the swamp margins, close to these systems (Lourandos 
1980:250; Williams 1985:95,185,307-308). Archaeological excavations revealed that these mounds were 
used for a variety of purposes, including semi-permanent and temporary camping and related activity areas, 
cooking places, specialized swamp exploitation sites and sometimes, burials (Lourandos 1980:249-50, 
1983:86; Williams 1985:106). In some areas huts were built on top of the mounds (Williams 1985: 
95,195,241,292). There was a low density of sites in the open plains and ranges (Lourandos 1980:250).
The mounds occurred both singly and in clusters containing up to 30, ranged from six metres to 30m in 
diameter, and no more than 0.5m in height (Williams 1985:1,185,196), though Lourandos (1980:250) 
recorded some as high as two metres. The mounds were always associated with wetlands, in close 
proximity to other ecological zones (Lourandos 1980:249-50, 1983:86).
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The mounds were dated to c.2000 years BP (Lourandos 1983:86). Lake levels increased about the same 
time in the area, and Williams (1985:316) speculated that this may have been related to an increase in 
rainfall, an event that would have filled the swamps, making it necessary to build mounds.
9.1.2.2. Historic Evidence
Seasonality of resources was the major factor which affected residence patterns in the study area. The 
region experiences cool to cold winters and warm to hot summers. Most rainfall occurs in winter. The 
main growth periods are in spring and autumn (Williams 1985:10). The greatest abundance of food 
occurred in spring and early summer, and in late summer animals gathered in the vicinity of the remaining 
swamps and lakes which still contained water. This concentration of resources facilitated hunting and 
’great meetings’ of people were often held at this time. Winter was a time of hardship, though there was 
never a serious shortage of food (Lourandos 1980:249; Williams 1985:62).
Wetland faunal resources included fish, eels, crayfish, freshwater mussels, frogs, eels and large flocks of 
waterbirds. Some swamp products were important on a seasonal basis. Eels are dormant in winter and 
migrate in spring and early summer to coastal estuaries from lakes, swamps and the headquarters of creeks. 
They return in summer to late autumn. Large numbers can be harvested during these migrationary periods 
(Lourandos 1980:249; Williams 1985:41-44). Aquatic tubers, such as bullrush {Typha sp.), water ribbon 
(Triglochin procera), club rush (Scirpus spp.) and sedge (Eleocharis sphacelata) were an important source 
of carbohydrates and seasonally formed staple foods. The swamps were fired in summer to facilitate 
harvesting of Typha sp. and to expose food for birds (Gott 1982:61; Head 1983:77, 1987:446; Lourandos 
1980:249; Williams 1988:46).
The open forest and grasslands provided a range of resources, including large macropods, birds, emus, 
plains turkeys, reptiles etc. Some, such as land mammals, were available throughout the year. In the south 
of the region, the coastal strip which in some places adjoins the wetlands, were most productive in spring 
and summer, with fish, seals and other marine resources (Lourandos 1976:178, 1980:249, 1983:86).
Sedentism was related to abundance, reliability, and ease of procurement of, or access to, resources. The 
population was semi-sedentary throughout the year, and historical sources described semi-permanent 
’villages’ of clustered huts near large swamp areas, some 50km inland. In contrast, forays to open country 
employed makeshift shelters. The ’villages’ formed part of a permanent network of base camps between 
which the population redistributed itself throughout the year. The mobility of the population helped 
overcome seasonal and unexpected variability in resources (for example, drought) (Lourandos 
1980:249-50).
Lourandos (1980:47) concluded that the people were semi-sedentary during spring and early summer, and 
were nomadic during winter and the height of summer. The Aborigines sought campsites close to water
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and other resources (Williams 1985:74,76). When low lying areas flooded during winter they moved to 
higher ground (Williams 1985:99).
The abundance of resources enabled the region to support a high population density. The local 
subsistence group consisted of from 10 to 100 individuals. During summer when resources were abundant, 
local groups of 400 to 1000 people cooperated in communal hunting drives, trading and ceremonial 
occasions. (Williams 1985:72-73). In winter and autumn, they banded together for procurement of eels 
and the harvesting of flesh from beached whales (Lourandos 1980:250). Lourandos (1980:247,249) 
estimated the population density to be in the order of 0.4 to 0.7 persons per km2 of coastline and 0.3 to 0.4 
persons per km2 inland.
Large artificial drainage systems were constructed for catching eels. In the eeling season, the regional 
population moved to the fish traps. Groups of up to 800 to 1000 people, set up temporary camps along side 
the permanent villages of the local residents. The eeling season lasted for one to two months in late autumn 
(Lourandos 1976:251). A large range of specialized equipment, related to fishing, eeling and birding was 
used to procure resources (Lourandos 1980:249-50).
9.1.3. The Coorong and Lower Southeast Districts, South Australia 
9.1.3.1. Archaeology
Similar evidence has been recorded for the Coorong and lower Southeast regions of South Australia’s. In 
these areas, large seasonal freshwater swamps and tidal lagoons, located behind coastal dune formations, 
cover some 3000 km2 (Luebbers 1978:63). Luebbers (1978:209-12) concluded from excavated organic 
remains that intensive use of swamp resources began in the early Holocene c. 10,000 years BP, following 
the post-Pleistocene marine transgression. This period of exploitation was characterized by the presence of 
large flaked implements with extensively retouched edges belonging to the Australian Core Tool and 
Scraper Tradition, and wooden tools including boomerangs, spears and pointed sticks. No spearthrowers or 
shields were recovered. Luebbers concluded that this type of swamp exploitation remained important 
throughout the Holocene up to the post-contact period.
Following sea level stabilization c.6000 years BP, the prehistoric inhabitants began exploiting coastal 
resources, and Luebbers (1978) has identified two phases in this period. The early phase was marked by 
exploitation of only one or two shell species located in small dumps on cliff tops, associated with low 
density microliths and a few larger stone tools, and was dated from between 5800 and 1300 BP. The later 
phase, which occurred only after 1300 BP, was exemplified by large shell middens, up to 12km inland, 
containing many gastropod species, and associated with a numerous and functionally diverse tool kit which 
lacked microliths. Tool kits associated with both phases were consistent with the Small Tool Tradition.
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Luebbers (1978:303-305) suggested that up until 1300 BP, swamps had been the main focus of 
exploitation, supplemented by occasional trips to the coast to exploit marine shellfish, as was the case in the 
Western Port example. After 1300 years BP however, as a consequence of drier climatic conditions and 
shrinkage of the swamps, the Aborigines switched the focus of their exploitation to marine resources.
Head (1983:79) has suggested that this apparent change in resource base may be linked to the 
disappearance of coastal sites dated between 5000 and 2000 BP, due to coastal erosion. If such were the 
case, the prehistoric Aboriginal inhabitants may well have been exploiting a wider range of coastal 
resources, along with the swamp resources, as long ago as 5000 BP.
9.1.3.2. Historical Evidence
Resources fluctuated seasonally, within the regime of dry summers and wet winters. The proximity of the 
sea in these areas added another factor to the seasonal shift of diet and residence. During spring, camps 
were located close to the coast in order to exploit the resources of coast and swamp, such as birds’ eggs, 
waterfowl, shellfish, fish and reeds. Resources peaked between January and April, and this was a time of 
cooperation between large groups of people who gathered to take advantage of the abundance. With the 
onset of winter rains, swamp resources dispersed with rising water levels. People moved further inland and 
disbanded into small groups spread over large territories. Some swamp foods were taken at this time, but 
exploitation also focussed on the hinterland where marsupials were forced onto higher ground by flood 
waters. June to October were lean times (Luebbers 1978:79-82).
9.1.4. Upper Murrumbidgee Valley
Although not located on a coastal plain, site use and settlement patterns similar to those described above 
have been reported for the upper Murrumbidgee River valley of New South Wales (Klaver 1987). The 
climate shares the same seasonal features as that of southern Victoria and South Australia - that is, dry 
summers and winter flooding, although this regime can be unreliable, and the area often suffers from 
drought. Thus water is an important determinant in site location (Klaver 1987:47). Annually flooded areas 
carry the usual range of plants and animals, including Typha spp., fish and aquatic birds (Klaver 
1987:35,36).
Klaver had little ethnographic information to draw upon, so her conclusions were based mosdy on the 
archaeological evidence. The recorded sites included both mound and open sites. The mounds were 
always located in proximity to past areas of swamp and occurred in clusters (Klaver 1987:104-105). They 
were found in association with four environmental situations; along creeks and adjacent levees, floodplains, 
elevated areas on the floodplains, sand dunes and sandsheets at the floodplain margins (Klaver 1987:108). 
Their location suggested that the mounds were located for both dryness and proximity to swamp resources. 
Klaver (1987:117) concluded that the mound sites were primarily the result of repeated use as ovens. The
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stone tools present suggested manufacture and maintenance activities, and the pounding of fibrous 
materials, such as are found in swamps, either for fibre or food. The faunal evidence also suggested short 
term occupation (1987:119). The mounds did not appear to be base camps, and Klaver (1987:119) 
suggested that this function was fulfilled by the open sites which occurred on the higher flood-free ground, 
adjacent to the swamp areas where the majority of the artefactual remains of the area have been located. 
These remains indicated two possible economic foci for these sites; the terrestrial-based activities of 
milling and crushing of seeds, and the water-based pounding of aquatic tubers or fibrous roots. Together, 
these two economic activities would have enabled intensive year round occupation of this area, and resulted 
in site distribution similar to that observed. Klaver (1987:137) also concluded that the study area was one 
of intensive occupation, given the number and types of sites located, which included arefact scatters, 
hearths, mounds, scarred trees, quarries and burials. The riverine plain generally lacks stone resources and 
Klaver (1987:103) suggested, based on the historical evidence, that the material culture was emphemeral - 
shell for cutting and scraping, wood for spears and other weapons, reeds for spears, nets for fish - and that 
intensity of occupation was not necessarily equalled by density of stone.
9.2. Mound Sites Elsewhere in Southern Australia
Besides those described above, mounds have also been recorded in Tasmania, the lower reaches of the 
Murray River in New South Wales, Victoria and South Australia, and along the lower reaches of the 
Lachlan and Murrumbidgee Rivers. They have been variously attributed to be ovens, permanent camp 
sites, and a means of gaining access to flooded areas (Klaver 1987:19; Williams 1988:207-11).
9.3. A Model of Wetland Subsistence and Settlement Patterns in Australia
The historical accounts of Aboriginal exploitation and settlement patterns in the wetland areas of Western 
Port, southwestern Victoria, the Coorong and lower southeastern South Australia, and the upper 
Murrumbidgee valley exhibited broad similarities to those of northern Australia. These wetlands were not 
limited to areas of coastal plain, as is demonstrated by the upper Murrumbidgee example.
Thus, a general pattern of subsistence and settlement strategies in wetland areas of Australia begins to 
"emerge. Wetlands were a focus of food and manufacturing resources However as resources were seasonal, 
Aborigines sought camp site locations close to the wetlands, but also adjacent to resource bases which 
provided alternative food sources at those times when the wetlands were unproductive, usually during times 
of flood. The pattem of movement during the dry season was to camp initially at the edge of ephemeral 
swamps, and move to the more permanent lakes and lagoons, as the season progressed. During periods of 
peak production - the late dry and the late wet/early dry seasons in tropical Australia, and spring and late 
summer in southern Australia - the wetlands were capable of supporting high populations. At this time 
neighbouring groups joined wetland owners in exploiting abundant resources. These gatherings provided
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opportunities for trade and marriage arrangements, and were often sanctioned by cooperative ceremonies, 
including initiation of young men. The groups dispersed at the end of the season, and returned to their 
home territories. In the rainy season, the owners of the wetlands focussed subsistence strategies on 
alternative resource bases available, such as open woodlands and monsoon forest.
Details of this model vary depending on the size, nature and location of the wetlands. Larger and more 
complex wetland systems were capable of supporting higher populations for longer periods of time. 
Smaller wetland systems played a minor, though often crucial, role in the seasonal round as they tended to 
dry up earlier in the dry season - for example, Balpildja Swamp in north-central Amhem Land (Meehan 
1982:33, 1988, in press). In northern and southern Australia, the faunal and floral species available from 
wetlands differ according to location, though generally they include waterfowl, eggs, fish, and plant foods 
which can be classified as seasonal staples.
Wetland systems situated on the coastal plains of both northern and southern Australia are of recent 
origin, dating from the stabilization of post-Pleistocene sea level rise c.6000 years BP. However, the 
geomorphology of these systems differs according to local environmental factors. For example, in northern 
Australia, floodplains associated with major rivers have evolved through a sequence of mangrove forests 
and saline mudflats to freshwater wetlands. Some of these rivers are presently at different stages in this 
evolutionary process. In southern Australia, swamps have silted up or disappeared as a result of the 
encroachment of mobile dunes (Head 1983, 1987), or drier climatic conditions (Luebbers 1978).
The historic model of wetland use by Aborigines has been confirmed for pre-contact times by the 
archaeological evidence. Camp sites found clustered along wetland edges and special adaptations designed 
to overcome the problem of living in damp places, and to take maximum advantage of the environment, 
such as the mounds and eel and fish trap systems, emphasized the importance of such areas to the 
prehistoric Aboriginal economy. Away from wetland areas, sites located on higher ground tended to be 
small stone scatters, suggesting brief occupation while exploiting resources not available from the 
wetlands, probably during those times when the wetlands were not productive.
9.4. Examples of Subsistence and Settlement Patterns in Wetland Areas Outside 
Australia
So far this discussion has focussed upon land use systems employed by hunter-gatherers in wetland areas 
of Australia. If overseas examples of wetland use are to be examined, a discussion about agriculture must 
be included, as this is the primary use of such areas outside Australia. This is because floodplain are 
optimum areas for cultivation.
The following discussion does not investigate the reasons for the development of agriculture. Rather, it is
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an attempt to demonstrate that, despite the emergence of agriculture, small scale economies in tropical 
floodplain areas display prehistoric and historic patterns of site use and settlement, similar to those 
described for northern Australia. This discussion is not exhaustive. A few examples have been chosen in 
order to place the Australian material in a world context The examples are derived from areas located 
within climatic and geographic zones similar to that of northern Australia (Figure 9:1). In Appendix 1, the 
salient features of economies practised both prehistorically and historically in the Kafue Basin of central 
Zambia, Llanos de Mojos of Venezuela and southern Papua are reviewed in detail.
However from a broad historical perspective, perhaps the most illuminating comparative analysis for the 
Alligator Rivers region is to consider the evolution of prehistoric wetland economies of the river mouth 
plains of southeast Asia.
9.4.1. Floodplains as the Hearth of Agriculture
In 1952, Sauer suggested that vegetative reproduction of trees and tubers preceded cereal cultivation, and 
that tropical savanna upland regions, specifically in southeast Asia, were likely places for the initial 
development of agriculture. However, floodplain areas satisfy at least some of his criteria for what is 
required before such an event could take place:
1. Floodplains, interspersed as they often are with other micro-environments, are able to support 
a diverse abundancy of floral and faunal species, necessary for a gene pool large enough to 
allow people to select for cross-fertilization.
2. The diversity of resources in these areas also allowed at least semi-permanent settlement.
3. Floodplain areas within the dry tropics provided the alternation between wet and dry seasons 
necessary for the growth of early cereal domesticates, such as rice.
4. The availability of fish balanced the essentially carbohydrate diet of early farmers (Sauer 
1952:21-22,23,27).
The discussion below concerns rice cultivation, as there is no archaeological evidence for cultivation of 
vegetative crops. Today, most researchers (for example, Bellwood 1985:208) agree that agriculture 
originated in seasonally wet habitats such as the floodplains of major river systems. Many of the plants 
which are now grown as staple crops in these areas originated from floodplains - for example, the wild 
relatives of domesticated rice (e.g. Oryza saliva) favour swampy areas, with seasonal climatic shifts 
between wet and dry. Furthermore, farming in floodplain areas would have required little field preparation, 
as the annual flooding of rivers lends itself to manipulation, as can be observed in West Timor today (A. 
McWilliam pers. comm.). Wet rice Fields in steep river valleys are prepared after floodwaters have 
receded, by a method called ’puddling’. Tall swamp grasses are cut down, then cattle trample them into the 
mud. Rice is sown after the second trampling.
Foxtail millet (Setaria italica) was being cultivated in the Huangho Valley by 8000 years BP and rice in 
the lower Yangtze by at least 7000 BP, a region now beyond the northern limit of annual wild rice 
distribution. The geomorphological, faunal and pollen evidence indicates that the climate was probably
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warmer at that time (see Chapter 2) thus rendering it a suitable habitat for wild rice (Bellwood 1985:208). 
Bellwood (1985:209,212) described a situation whereby agriculture was initiated by a sedentary population 
based on the harvesting of wild rice. Subsequently, some stress factor - either environmental or social - 
turned it into a systematic way of life. It is not certain whether wild rice cultivation developed separately in 
northern Thailand and the Gangetic Plain, or spread from the north.
Harris (1980:36-37) has argued that early large-scale agricultural systems in southeast Asia and 
Melanesia were restricted to a few fertile river basins. Such areas were selected for cultivation, depending 
on the availability of appropiate technology, because soils in riverine areas are more fertile than those in 
upland areas (for example, the Mekong Delta, Kuk etc). In other lowland savanna regions of Africa and 
South America, such practices are more recent and most Holocene prehistoric economies were a mixture of 
hunting, gathering, fishing and some small-scale swidden and house garden cultivation.
9.4.2. Holocene Archaeology in Southeast Asia
It is difficult to examine the archaeological evidence for hunter-gatherer site use and settlement patterns 
in lowland floodplain areas of southeast Asia during this period, given the almost complete absence of such 
sites, though some do occur in Vietnam and northern Thailand. In contrast, there are numerous sites 
containing domestic remains dated from c.5500 years BP, and today these areas contain one of the densest 
rural populations in the world (Condominas 1980:247; Higham 1988:91-92). It has been argued that many 
early hunter-gatherer sites have been drowned by rising sea levels and alluviation. In the remaining areas 
unaffected by flooding, much of the evidence had been obliterated by the effects of early cereal agriculture 
(Gorman 1971:308; Higham 1989:91-92). Evidence of earlier pre-agricultural cultures mostly comes from 
upland rocksheiter sites, situated close to water, dated between 14,000 and 3000 BP, though there are some 
coastal shell middens, related to post-Pleistocene sea level stabilization (after 8000 BP) and some inland 
open sites (Bellwood 1985:162; Gorman 1971:306).
Until c.5500 years BP, Holocene prehistory in southeast Asia consisted of broad based hunter-gatherer 
economies. Early inland sites were used as bases to exploit local fauna (including cervid, suids or primates 
and riverine species), while the coastal peoples exploited marine species, such as dugong, fish, shellfish, 
together with some land fauna - for example, cervids and suids (Gorman 1971:308-11). The only plant 
remains from these sites came from Spirit Cave (Gorman 1971:310-11) and no particular seasonality was 
evident. Faunal remains indicated both wet and dry season occupation (Gorman 1971:313). After 5500 
years BP, early village farming, associated with pottery and edge ground tools, occurred on the lowland 
plains (Gorman 1971:315).
Several large river systems in southeast Asia share a geomorphological history similar to rivers in 
northern Australia, though being located in the wet tropics they formed peat swamps rather than freshwater
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wetlands. Thus, it is likely that rivers situated within dry tropical regions of southeast Asia also share a 
similar environmental history (see Chapter 2).
At the large mound site of Khok Phanom Di southeast of Bangkok, the archaeological evidence recorded 
environmental change following post-Pleistocene sea level rise, similar to that of the rocksheiter sites of the 
Alligator Rivers region. The site is now located 22km inland due to alluviation. Pollen sequences and 
economic remains of mangrove and sandy tidal flat shell species indicated that the site was originally 
situated near a mangrove-fringed shoreline. The site was occupied between 4000 and 1000 years BP 
(Higham et al. 1987:148,151). Although rice chaff was found to basal levels, it was not certain whether 
this evidence related to wild or domesticated species (Higham et al. 1987:175-76). The data indicated that 
for most occupation levels the inhabitants were semi or fully sedentary rice harvesters. This economy was 
however, broadly based and included fishing, shellfish collecting and harvesting of marine resources 
(Higham et al. 1987:148).
In the upper level of the excavation (Zone C), an abrupt change from the exploitation of marine faunal 
species to aquatic freshwater and woodland species was recorded. This event was associated with a shift in 
the pollen sequences from the dominance of Rhizophora mangroves to freshwater grasses and swamp 
vegetation (Higham et al. 1987:159). Some overlap in the changeover with Aizoaceae, a possible colonizer 
of a mudflat habitat, hints at a developmental sequence similar to that of northern Australia - that is, from 
mangrove, saline mudflat to freshwater environments. The timing of this change has yet to be determined 
(Higham et al. 1987:151,175).
Higham (1989:86-87) has suggested that expanding populadons on the fertile coastal margins, 
exemplified by Khok Phanom Di, led to settlement of marginal areas, such as the inland river valleys where 
sites such as Non Nok Tha and Ban Chiang are located.
The site of Non Nok Tha is located on a low lying plain on the Phong River in northeastern Thailand. It 
is a large mound about 1.5m high, 100m by 150m, surrounded today by rice paddies (Bayard 1970:111). It 
was occupied, not continuously, from c.5500 BP or later until historic times (Bayard 1970:131). Like 
Khok Phanom Di the faunal remains, which included fish, pigs and cervids, indicated that the economy was 
broadly-based, and probably associated with some rice cultivation (Bayard 1970:135). Similar sequences 
were found at the lowland sites of Ban Chiang and Ban Kao, located in western Thailand (Gorman 
1971:303-305). Later, in the southern and central basins of the Menam and Mekong Rivers region, highly 
elaborate irrigation systems were developed c.800 years BP. These systems formed the economic 
backbone of the powerful Khmer Empire (Condominas 1980:247).
The similarities between the Holocene pre-agricultural economies of southeast Asia and those of northern 
Australia have been pointed out by Allen (1987). Both shared a broad-based hunting, gathering and fishing
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subsistence economy, as well as cultural innovations until c.5000 years BP, when the prehistory of two 
areas diverged with the development of agriculture in southeast Asia. Aborigines of northern Australia 
shared some of the economic and social change that was taking place in southeast Asia at this time - for 
example, the domestic dog, outrigger canoes and fish hooks, as well as new (though not necessarily the 
same) elements added to existing stone tool industries (Allen 1987:12-13). Sedentism, population 
expansion and increased social ranking in the fertile lowland river basins of southeast Asia after 5500 years 
BP has been linked with the development of rich estuarine resources in those areas following stabilization 
of post-Pleistocene seas level rise (Higham 1989:87). The rise of complex, stratified societies after 1000 
years BP, economically based on intensive wet rice cultivation, can further be linked to the emergence of 
even more productive freshwater wetlands on the floodplains at this time. Apart from the lack of 
agriculture in northern Australia, these events parallel the evidence for increased hunter-gatherer 
occupation of Kakadu region during the mid to late Holocene.
9.4.2.I. Modern Economic and Settlement Patterns in Southeast Asia
Although societies which occupy the floodplains of southeast Asia today are primarily agricultural, 
fishing from wetlands is still an important focus of their subsistence economy. For example, the Mnong 
Gar of central Vietnam are swidden agriculturalists, an activity which dominates their seasonal cycle. 
However, gathering of plant foods and fishing remain important to daily activities (Condominas 
1980:223-34).
The remaining hunter-gatherer populations of the Indo-Malay Archipelago inhabit equatorial rainforests 
(except for the eastern Andamanese and some coastal Agta of Luzon) (Bellwood 1985:132), and thus 
practice a very different economy from hunter-gatherers in wetland areas of northern Australia.
9.5. Conclusion
In the brief survey in this chapter and in Appendix 1, it has been demonstrated that both the prehistoric 
and historic patterns of subsistence and settlement established for the Alligator Rivers region of northern 
Australia resemble those for tropical savanna wetlands in other parts of the world. Such patterns occur 
whether the economic basis is hunting, gathering, fishing, agriculture or a combination of these elements. 
Subsistence activities and site location were dominated by the seasonal alternation between wet and dry 
seasons. Settlements were shifted to take advantage of seasonal resources, and moved to higher ground to 
escape flooding. The abundance and variety of resources enabled semi-permanent or permanent settlement, 
and periods of exceptionally high productivity often allowed large groups of people to congregate. 
Frequently, stone was not available from savanna floodplain areas, but stone artefacts were always present 
implying the existences trade and exchange networks.
One feature of site location which has not been mentioned previously, but which the review of floodplain
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economies outside Australia has drawn attention to (Harris 1977; Rhoads 1980), is the location of sites for 
defensive reasons (see Appendix 1). Such strategies may have been pursued in the Alligator Rivers region 
in pre-contact times. Several authors have mentioned inter-tribal conflict in the area (Levitus 1982; 
Warburton 1944). However, as Rhoads has pointed out, these considerations did not affect subsistence 
activities, except in as much as they placed people closer to or further away from resources. Year-round 
occupation of the South Alligator wetland margins, despite the discomfort of the insects and flood 
conditions which the wet season brought with it, may have been prompted by the social wish to protect 
access to such desirable resources.
Aborigines of northern Australia utilized plants which are related to wild and domesticted varieties found 
in southeast Asia today (Golson 1971:209), including wild rice (Oryza sp.), Chinese water chestnut 
(Eleocharis sp.), Polynesian arrowroot ('Triglochin sp.), taro (Colocasia sp.), yam (Dioscorea sp.), cycad 
(Cycas media), waterlily (Nymphaeceae) Livistona humilis, and the fruits of such trees as Syzigium sp., 
Terminalia sp. and Pandanus sp. (Allen 1987:9; Jones and Bowler 1980:23). It is interesting to note that a 
number of these are freshwater swamp plants, and all grow in habitats commonly found associated with 
wetland areas. To a certain extent Aborigines manipulated some of these resources (such as yams and fruit 
seeds) by leaving part of the root behind to regenerate, or by replanting them in favourable environments, 
though they were not tended further past this initial effort (Jones 1979:23-25). Moreover, Aboriginal 
contact with Macassan trepangers and the cline from hunter-gatherer to horticultural economies 
demonstrated for Cape York and the islands located between there and Papua New Guinea, implied that 
they were not unaware of horticultural practises (Jones and Bowler 1980:22).
This is not to say that Aborigines who exploited floodplain areas of northern Australia, were incipient 
agriculturalists. Both Harris (1977:455) and Lourandos (1980:258) have pointed out that, in this context, a 
division between horticulture and hunting/gathering is artificial, and that these systems arc both 
components of a continuum of subsistence economy. Both expanded their niches through artificial 
manipulation of the environment.
Lourandos (1980:258) has also commented that population levels recorded for northeastern Amhem 
Land, which are similar to those projected for the Alligator Rivers region, are high by hunter-gatherer 
standards and overlap with those from the Papuan lowlands, considered low for agriculturalists. 
Lourandos’ continuum could also be extended to include those floodplain areas where intensive forms of 
agriculture exist (Harris 1973:394). At one end, there are the hunting/gathering/fishing economies like 
those of the Alligator Rivers, which employed low level manipulation of the environment using fire as a 
tool, building mounds to allow habitation in damp areas close to resources and, in the case of the 
southwestern Victoria, building elaborate fish traps. At the other end of the spectrum are the intensive 
farming economies of southeast Asia and the ditched field builders of the Mojos, who totally altered the
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natural environment for this purpose. Somewhere between these two systems lie the economies of people 
like those in South .America, Africa or Melanesia who practised small-scale agriculture, swidden 
cultivation, or harvested sago from the swamps, but also relied on hunting and gathering to supplement 
their subsistence (see Appendix 1). Hunting-gathering and swidden agricultural economies are broadly- 
based exploitation systems, relying on a large range of plant and animal resources, but seasonally focussed 
onto specific abundant resources. Intensive agriculture has a narrow focus, being based on the cultivation 
of only one or two plant species, though these groups also relied on fishing as part of their economy. What 
these systems have in common is an environment rich in seasonally reliable food and material resources, 
and plenty of water when it is scarce generally. These factors allow, sometimes with modifications such as 
habitation mounds, elaborate fish trap systems, or rice terraces, semi- or fully sedentary occupation and 
relatively dense populations. In places where intensive agriculture was practised, the seasonality of 
resources was not so important as irrigation enabled them to produce two crops of rice annually. The 
patterns of site use and settlement described above were probably similar to those of European swamps 
during the Mesolithic where mounds were also constructed for habitation (Lourandos 1983:86) and a 
similar range of aquatic resources, adapted to temperate climes, were exploited (Sauer 1952).
The closeness between these systems, and their inherent flexibility, is demonstrated by the fact that when 
agricultural economies, whether intensive or swidden, disintegrate under stress (environmental or social) 
there was often a return to a broadly-based economy, as exemplified by the Khmer Empire in Indo-China 
and the Mojos of Bolivia. Indeed, Condominas (1980:243) has argued that swidden agriculture is in fact 
more productive than intensive wet rice farming and in some places in southeast Asia, it has been adopted 
(or re-adopted) by economic choice over the last century. In the Kalahari region of southern Africa, 
Denbow (1974:179), on the basis of archaeological and historical sources, has suggested that some hunter- 
gatherers vacillated between between foraging and food producing economies in the past. Previously, most 
anthropologists held the view that the two economies could be viewed as separate, and the switch from 
hunting and gathering to food producing in the 1970s was the result of recent historic forces (Denbow 
1974:176,187). Denbow (1974:187-880) argued that these ’events mark points along a much longer 
continuum of cyclical interaction and change’, perhaps over the last 2000 years. For floodplain 
environments at least, the richness and diversity of the resource base made such economic choices easier, 
and perhaps account for the range of land use systems that have existed in such areas.
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Appendix A
Prehistoric and Historical Economic and Settlement Patterns in 
Sub-Tropical Wetland Regions of Africa, South America and Melanesia
A .l. Africa
A.1.1. The Kafue Basin, Central Zambia
The Lochinvar area lies in the basin of the Kafue River in Central Zambia, approximately 16° south of the 
Equator. It has a similar climatic regime to that of northern Australia - a long dry season and a short wet 
season. Four distinct ecological zones occur in the area: woodland, hot springs, grassland with some thorn 
trees, and the Kafue Flats (the low lying section of the floodplain adjoining the river). Today, Typha sp. 
reeds and waterlilies (Nymphoidea) grow prolifically in the vicinity of the springs, and small and large 
game animals graze in the woodlands and on the floodplain in the dry season - for example, bushbuck, 
kudu, hartebeest, grysbuck, duiker and impala from the woodland and hinterland; bush pig around the hot 
springs; and lewchwe, wildebeest and zebra from the savanna grasslands. During the wet season, the 
animals are driven onto higher ground making them easier to kill (Clark 1980:53; Fagan and van Noten 
1971:12). Crocodiles and hippopotami live in the Kafue River and a large number of birds occupy 
woodland and aquatic habitats. Francolin and guinea fowl can be captured near the vicinity of the hot 
springs (Fagan and van Noten 1971:14,15).
A.l.1.1. Prehistoric Site Use and Settlement Patterns
The archaeology of the mid to late Holocene (5000-4000 BP) period of the Kafue Basin is exemplified by 
the excavations at Gwisho Hot Springs (Fagan and van Noten 1971). The sites are located 22.5km south of 
the Kafue River, and about 10km from the Kafue Flats. They consist of three mounds, close to the hot 
springs and adjacent to the highwater mark of the floodplain (Fagan and van Noten 1971:12). The mounds 
are about 30m in diameter and up to 2.75m in height (Fagan and van Noten 1971:9). Results indicated that 
the prehistoric inhabitants located their settlements between the floodplain and the adjacent woodland, 
where they harvested the resources of both.
Stone is not available in the area today, and was probably obtained by trade with other areas (Fagan and 
van Noten 1971:69). Faunal remains from the site included a range of species available today from all the
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nearby ecological zones, but mainly from dryland areas. Large numbers of freshwater shells were 
recovered. The dominant fish species was barbel (Clarias sp.), which are easy to catch at the end of the 
wet season when the floodwaters are receding and they become trapped in shallow pools (Fagen and van 
Noten 1971:66-67,69,71). The bird bone was unidentifiable, but given the proximity to the hot springs 
probably consisted of francolin and guinea fowl (Fagan and van Noten 1971:55).
Because the plant remains recovered from the excavation were the same as those that are available in the 
area today, Fagan and van Noten (1971:14-15) concluded that the climate at first settlement was the similar 
to that of today’s. Hyphaenae ventricosa nuts (ivory palm), relished for the milk contained in its seeds and 
valuable for the fibre it provided, was dominant at all levels. Dauhinia sp., a shrub which fruits in the wet 
season and which is highly-valued for both its edible fruits, roots and its medicinal properties was also 
common in excavated material.
It was not clear if the sites were inhabited continuously, but there is no doubt that the mounds were 
intensively occupied over time, and were base camps for a wide range of activities besides hunting and 
gathering - including butchery, storage, preparation of vegetable foods and windbreak construction. (Fagan 
and van Noten 1971:28-29). However, given the evidence from northern Australia, wet season occupation 
is indicated. It explains the lack of aquatic faunal and water plant remains and the necessity for using 
mounds as campsites. Dry season sites probably would have been located closer to the river on the Kafue 
Flats.
Clark (1980:53) suggested that the prehistoric inhabitants of the Gwisho Hot Springs might have moved 
onto the Kafue Flats during the dry season to be near water and then back towards the hot springs and 
ephemeral water sources in the woodland on higher ground, during floodtime.
A.l.1.2. Modern Economic and Settlement Patterns
Until the Europeans arrived, the area was inhabited by the Plateau Tonga tribesmen. These people were 
cattle herders and farmers of maize and other crops. They followed a seasonal regime of bringing their 
herds down to the Kafue Flats for grazing in the dry season and moving them to higher ground during the 
wet season, when the floodplain was inundated. Today, the Kafue Flats are uninhabited, but the banks are 
occupied by Twa tribesmen, thought to be either outcasts of the Tonga, or remnants of a pre-Bantu 
population. The Twa live on the floodplain margins in elevated mound villages, and are primarily 
fishermen, with some secondary cattle husbandry and farming (Fagan and van Noten 1971:15-16).
Clark (1980:53) suggested that the site use and settlement pattem evident in the archaeological remains 
was comparable to modem day practices of a group of Bantu hunter-gatherers in the Kalambo Falls area. 
During the dry season, settlement and subsistence strategies were concentrated on the Kalambo Falls area 
and featured, besides general collecting, fishing and individual hunting. During the wet season groups 
dispersed into the plateau woodlands, where cooperative hunting was a major activity (Clark 1980:54).
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A.2. South America
In the subtropical savanna regions of South America, raised field cultivation was practised in pre- 
European times (Harris 1980:36). These ridged field systems occur in lowland savanna floodplain areas 
from northern Colombia to northwestern Argentina (Harris 1973:408). It is generally accepted that they are 
an adaptation for agriculture in areas subject to seasonal flooding (Harris 1973:408; Denevan and Zucchi 
1978:244).
In the region of the central Orinoco Llanos in Venezuela these ridge systems were dated to 1000 BP. 
Denevan and Zucchi (1978:244) believed they were used to cultivate manioc, and that the local population 
supplemented this carbohydrate diet with wild game and fish, which was prolific in the freshwater 
wedands.
A.2.1. The Llanos de Mojos
The Llanos de Mojos live in the Beni Basin of northeastern Bolivia. The Basin is drained by several 
major rivers - the Rio Guapore, Rio Mamore, Rio Bene, Rio Madre de Dios, and their tributaries, and 
covers an area of some 110,000 sq km. The region shares a similar climate and terrain to that of northern 
Australia (Denevan 1966:5-6). Like northern Australia, the landscape is still changing as great quantities of 
sediment from the Andes are regularly deposited on the Llanos, and the rivers change course constantly as 
they meander across the floodplains (Denevan 1966:17).
A.2.1.1. Archaeology
Archaeological evidence of settlement includes drained fields, mounds, large and small causeways, raised 
fields, canals and middens (Denevan 1966:2).
Three types of mounds were classified according to size:
1. Artificial earth mounds, three to 16m high and up to 300m long, used for habitation, burial 
and perhaps religious purposes, found both on floodplains and forested areas on adjacent high 
ground (Denevan 1966:64,69).
2. Artificial islands, one to two metres high and 10-50m long (Denevan 1966:64). These were 
isolated, man-made mounds, on the open floodplains, sometimes surrounded by small crop 
mounds, usually some distance from high ground. Denevan (1966:70-72) suggested that 
these were small village sites, located defensively, and using crop mounds instead of crop 
rows. They are vegetated, and refuse has increased their height.
3. House mounds. These were usually less than one metre high and three to seven metres in 
diameter (Denevan 1966:64). They usually occurred in the midst of drained fields associated 
with crop rows, and were perhaps temporary shelters for farmers. They were low lying, and 
probably flooded in the wet season (Denevan 1966:72).
Radiocarbon dates and associated ceramics provided a dating sequence for these features. The ceramics 
have been divided into four distinct traditions - Lower Verlade and Chimay, Upper Verlade and 
Hemmarck, Masicito and the most recent style, Rio Palacios. Comparisons with similar cultural horizons 
elsewhere in the Amazon Basin and the Orinoco of Venezuela have produced tentative dates for this
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sequence; 1300-1500 years BP for Lower Verlade, and 1000 BP for Upper Verlade and Hemmarck 
(Denevan 1966:24).
Artificial habitation mounds were common in other floodplain areas of tropical South America; Marajao 
Island at the mouth of the Amazon, the Orinoco Llanos in Venezuela, the San Jorge and Pantanal areas in 
Brazil, and used by the Guato Indians of Paraguay. This was also the case in central America (Denevan 
1966:130-31). Kirke (1980:281) has reported the existence of numerous ruined mounds forming an almost 
continous strip settlement for many kilometres along the alluvial floodplains of the Belize River valley in 
Belize. These mounds were associated with intensive agriculture, and it has been argued that the area 
supported a dense population in Mayan times. Other areas in South America which were subject to 
flooding often used pile dwellings, such as in Colombia, Venezuela and Peru (Denevan 1966:131-32).
A.2.1.2. Historical Evidence
At contact, the Llanos de Mojos contained numerous tribes, many speaking unrelated languages. The 
Indian population was thought to number several hundred thousand at this time. They ranged from the 
Siriono hunter-gatherers who inhabited the forests bordering the savannas, to the chiefdoms of the Mojo, 
Baure and Cayuvava tribes (Denevan 1966:54,57,133). It is not certain who built the earth works, as 
savanna cultivation had ceased by the time of the first explorers and settlers (Jesuit missionaries) in the 
latter half of the sixteenth century. It may have been one of the latter chiefdoms, whose well-developed 
social organization would have enabled such work to be undertaken (Denevan 1966:54,133). Stone sources 
were rare in the Mojos and Denevan (1966:94) advanced this as one explanation for intensive farming of 
the savanna, as opposed to clearing forests. Denevan (1966:96,134) has proposed a number of reasons for 
the abandonment of savanna cultivation, including introduced disease, slave raiding, introduction of metal 
tools, and warfare between tribes.
All of the savanna tribes and most of the forest tribes were practising shifting cultivation in forested areas 
at the time of contact (Denevan 1966:96). They located their villages close to river banks and lagoons. 
These were strategically placed for access to fishing grounds and water supplies, which could be a problem 
in the long dry season. Villages were moved periodically to sites with better fishing and hunting (Denevan 
1966:58-59). They cultivated a wide range of seeds, and tubers propagated by vegetative reproduction, but 
also utilized wild plants for food, medicine and materials. These plants were seasonally available, with 
many trees fruiting during the wet season (Denevan 1966:99,104-105).
They also collected turtle and crocodile eggs and shellfish, and hunted deer, tapir, jaguar, peccary, 
rabbits, foxes and anteaters. Hunting was easy at the height of the dry season, as the game concentrated 
near waterholes, lakes and rivers. During flooding, subsistence activities were focussed upon areas of high 
ground. The man-made islands were useful at this time and trapped animals were captured from them 
using canoes. Monkeys were hunted in the forests, and millions of waterbirds flocked to the area in the wet
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season. Fishing was perhaps even more important than hunting, and fish were easily caught, especially in 
the early dry season when they were stranded in pools by retreating floodwaters (Denevan 1966:105-108).
After European contact, the region suffered a dramatic decline in population, which is now estimated 
around 15,000. Today, the people continue to practise swidden farming in the forested areas. They also 
harvest forest products, such as rubber and Brazil nuts, and work in the cattle industry, which is now the 
primary economic activity of the savanna areas (Denevan 1966:33,36,84).
A.3. Melanesia
The eastern side of the Fly River on the southern coast of Papua, between longitudes 136° and 145° 
contains ’a vast mosaic of verdant swamps and plains transected by the muddy water of rivers draining the 
central cordillera’ (Rhoads 1980:12). The Kairi people live on the northwestern fringe of this area, 
adjacent to the karst foothills of the Papuan Geonsyncline. The climate is part of the wet tropics, but also it 
has a marked wet and dry season, with over 50% of the rain falling between May and late September 
(Rhoads 1980:14). Annual flooding occurs during the wet season. This impedes access to the floodplain 
and affects subsistence activities. Canoes are widely used at this time (Rhoads 1980:15).
A.3.1. Southern Papua: Archaeology
Based on excavations and site surveys he undertook in this area, Rhoads (1980:243-44) suggested that a 
continuity of land use patterns on the lowlands could be generalized for roughly the last 1500 years. He did 
not survey the karst escarpment. Temporary encampments occur within and along the fringes of the 
alluvial plain and served as short term bases from which seasonally accessible animal foods were expoited. 
This mode of settlement occurred at periods of extreme fluctuations in the water table. Evidence of village 
habitation was established and inferred from Early Ceramic (c.1500 years BP) times onwards. Subsistence 
strategies focussed on exploitation and cultivation of sago palm stands in the swamps, and a combination of 
hunting, gathering and fishing. Generally, activities did not appear to change much, but differences in 
location and season of occupation did. Use of village sites, situated along the banks of major rivers, 
appeared to be restricted to periods during which availability of foreign goods were highest, and was an 
exceptional feature. There was a general absence of evidence for wet season occupation of sites.
A.3.2. Kairi Papuans: Ethnography and Historical Evidence
The economy is mainly horticultural, focussed on sago exploitation from the swamps. As animal 
husbandry is only of minor importance, most protein foods are obtained through fishing (which is the most 
important activity after sago exploitation) and hunting. Gathering plays only a minor role in subsistence 
activities (Rhoads 1980:25,33-34). Fish, eels, turtles, crayfish, and prawns are caught from rivers creeks 
and doline ponds. In the early dry season, from September to early November, eggs laid by saltwater
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turtles are collected by communal parties from the large creeks flowing into the upper reaches of the Sirebi 
River. The groups often stay in the area for a few days, sometimes a month. Small ’bush creeks’ meander 
throughout the alluvial plain, and these are the main focus of dry season fishing, crayfishing, prawning, and 
gathering of freshwater shellfish. Dry season fishing also is undertaken at the headwaters of the Sirebi 
River, in the scarp area. A creek is dammed above the junction of another and when the water level has 
dropped, poison is thrown in, and stunned fish and turtles are collected by hand. At the end of the dry 
season, communal fishing takes place at the large doline ponds adjacent to the escarpment. At this time the 
water is low and the ponds are poisoned. Communal fishing also takes place at the headwaters of the Sirebi 
River at the beginning of the wet season (late May to early July), when mullet congregate to spawn. This 
activity, supplemented by hunting game, can support a large group of people. During the height of the wet 
season weir nets to catch fish are placed at the junction of two small creeks on the alluvial plains (Rhoads 
1980:35,36,37-38,43,44). Seasonality is the major factor affecting hunting strategies. Pig and cassowary 
are the most popular terrestrial animals, and are easily caught at the end of the dry season when most water 
sources have dried up and they gather at permanent water holes. Communal hunting takes place in the wet 
season when animals seek refuge from rising floodwaters and are trapped on isolated knolls (Rhoads 
1980:34,38,41).
Rhoads (1980) has constructed contemporary and contact models of Kairi settlement patterns, based on 
ethnographic observation and historical data. Today, Kairi settlement revolves around centralized villages 
and kombati (temporary encampments). The village sites are located along major rivers and inhabited by a 
large population for most of the year. All modes of food procurement are conducted from the villages. 
Sago palm stands, village gardens and small creeks are the primary resource localities situated nearby 
(Rhoads 1980:65). Kombati are usually occupied for a few days during the dry season (October to April), 
along inland bodies of water. The family kombati is usually multi-purpose, and a wide range of hunting 
and fishing activities are carried out from the site. The communal kombati is often situated in a specific 
locality, usually near doline ponds and along creeks at the edge of the karst escarpment. At the beginning 
and end of the wet season, these kombati are inhabited for up to eight weeks. Seasonally abundant aquatic 
resources are exploited and terrestrial game, no longer easily obtained near the primary villages because of 
flooding, is accessible (Rhoads 1980:65).
Seasonal subsistence activities and settlement patterns at contact were virtually the same as at present, 
except for one major difference. The villages were located away from major rivers, and near the the karst 
escarpment and alluvial plains margin. These places were inaccessible to water transport, and probably 
placed there as protection against headhunting raids. Thus, the flooding of the alluvial plains during the 
wet season did not hinder subsistence activities to the same degree as today. The village location gave easy 
access to a greater range of more diverse resource localities, and probably eliminated the necessity for the 
wet season kombati of today (Rhoads 1980:69-76). These factors, together with the evidence for early and
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late wet season exploitation of the headwaters of the Sirebi River in the uplands, provided an explanation 
for the lack of wet season remains in the lowland sites (Rhoads 1980:243-44).
A.3.3. Oriomo Papuans: Ethnography and Historical Evidence
The Oriomo Papuans live nine0 south of the Equator in the savanna area of southern Papua New Guinea 
on the western side of the Fly River, 40km inland from the Darn coast. They inhabit the Oriomo Plateau 
which runs 450km from the Digoel River in West Irian to the Fly River delta. The Plateau is 80-125km in 
width, and rises 60m above the marshlands which abutt the coast. The climate is wetter than that of 
northern Australia, but experiences the same marked seasonality; a long dry season from April through 
November, and rain from December through March. The dominant vegetation is also similar - savanna 
forest, riverine forest and small patches of savanna woodland. The main staple of the people is the 
semi-cultivated sago which grows exclusively in the freshwater swamps of the region (Ohtsuka 
1977:468-69). The economy is one of swidden horticulture, underpinned by hunting, fishing, collecting 
wild plants and small animals, utilization of sago starch and coconuts The latter appear to be derived partly 
from agriculture, partly from gathering. These people lack animal husbandry, but this made up for by 
hunting. Sago, which grows in the freshwater swamps, is the most important food in the diet, contributing 
about 70%, and with bananas and taro makes up about 85% of the diet (Ohtsuka 1977:471).
Sago and coconut take 10-15 years to mature and can be harvested year round. Garden products are 
harvested annually. The gardens are planted in cleared savanna forest and woodland and along rivers, 
usually half an hour’s walk from the village. Villages are shifted every 5-10 years. Sago grows 
exclusively in marshy land. Groves are inherited and can occur anywhere in the large swamp areas of 
Wonie territory (Ohtsuka 1977:471,474).
Sago can be harvested throughout the year (Ohtsuka 1977:475-76). Consequently, the efficiency of sago 
production is superior to the cultivation of garden crops and gathering wild plants, which require higher 
energy inputs and are only available seasonally. In addition, sago stands do not suffer as much damage 
from wild animals and the starch can be stored for several months. This mainly carbohydrate diet is 
supplemented by fishing in coastal and riverine localities, and hunting in inland areas (Ohtsuka 
1977:484-85).
Seasonal activities described by Ohtsuka (1977:238-49,1983:77-104) are similar to those recorded by 
Rhoads (1980). Individual hunting occurred throughout the year (Ohtsuka 1977:247,1983:81). Group 
hunting took place in the dry season when savanna grasses withered (Ohtsuka 1977:247,1983:85). Fishing 
provided less food than hunting, nevertheless rod line fishing took place throughout the year. Fishing by 
poison and bow and arrow shooting occurred in the late dry season when creeks had dried into pools 
(Ohtsuka 1977:248-49,1983:88-89). Gathering played only a minor role in this economy and consisted
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mainly of plant foods - for example, the fruits of Canarium vitiense, available in the late dry season 
(September to November), Gnetum gnemon in the wet season (December to February), as well as the leaves 
of various trees.
Ohtsuka (1983:72,124-25) provided little information about settlement patterns, except to say that some 
overnight stays were made at sago stands more than one hour’s walk from the village. This usually 
occurred in the dry season as the temporary huts located near the sago stands were uncomfortable during 
the wet. Some overnight hunting trips were also made. But mostly people lived in permanent village 
settlements, located in the midst of a variety of environmental localities; mainly savanna and open 
woodland, swamps where the sago stands were located, creeks, patched woodland and small riverine 
forests.
Despite the reliability of the Oriomo subsistence system, dependency on sago palm production had 
drawbacks because it restricted population expansion and further development of socio-political 
organization (Ohtsuka (1977:485-86). The estimated population density (one person per km2) may be low 
for an agricultural society (Ohtsuka 1977:470), but is high for a hunter-gatherer economy.
A.3.4. Saibai and Boigu: Ethnographic and Historical Evidence
A similar economy was described by Harris (1977) for the island people of Saibai and Boigu, on the 
southern coast of Papua. Today, the economy is a mixture of house garden and swidden horticulture, 
hunting, gathering and Fishing (Harris 1977:448-49). The centres of these islands contain large freshwater 
swamps which, as there is little cultivable land, are the main subsistence focus together with the sea. As in 
other regions, the marked wet/dry' seasonality is the major influence on resources and subsistence activities 
were probably regulated in a similar fashion to that described for the Oriomo Papuans and the Kairi. An 
artificial adaptation to life on these islands has been the constuction of deep channels from the swamps to 
the sea. People described these as ’old roads’ and said that, in the past, the centre of settlement was located 
inland for defensive reasons. These channels provided access by canoe in the wet season to the safety and 
food resources of the swampy interior (Harris 1977:450-510). Harris (1977:451) speculated that they may 
have also served to drain the swamps for gardens.
320
BIBLIOGRAPHY
0 13Aharon, P. 1983 The 18 and C isotope enrichment in the post-Glacial 
reef complex I from Papua New Guinea and its interpretation. In J. 
Chappell and A. Grindrod (eds) CLIMANZ, p.89. Department of
Biogeography and Geomorphology, Research School of Pacific Studies, 
Australian National University, Canberra
Allen, J. 1980 Head on: The early nineteenth century British
colonization of the Top End. In R. Jones (ed.) Northern Australia: 
Options and implications, pp.33-39. Research School of Pacific 
Studies, Australian National University, Canberra
Allen, H.R. 1977 Archaeology of the East Alligator Rivers region,
western Arnhem Land. Seminar given to Department of Anthropology, 
University of Auckland. Unpublished, Australian Institute of
Aboriginal Studies, Canberra
Allen, H.R. 1978 The Jabiluka Project: Draft environmental impact
statement. In G. Chaloupka Djawumbu-Madjawarnja site complex. 
Nomination for inclusion on the Register of the National Estate. 
Unpublished. Australian Heritage Commission, Canberra
Allen, H.R. 1980 The Border Store. Arena (56):87-98
Allen, H.R. 1987 Holocene mangroves and middens in northern Australia 
and Southeast Asia. Indo-Pacific Prehistory Association (7):1-16
Allen, H.R. in press An archaeological report on Ngarradj Warde Jobkeng. 
Oceania Monographs. Department of Anthropology, University of 
Sydney, Sydney
Altman, J. 1982 Hunter-gatherers and the state: The economic
anthropology of the Gunwinggu of north Australia. Unpublished PhD 
thesis. Australian National University, Canberra
Altman, J. 1984 The dietary utilization of flora and fauna by 
contemporary hunter-gatherers at Momega Outstation, north-central 
Arnhem Land. Australian Aboriginal Studies (l):35-46
Altman, J. 1987 Hunter gatherers today. An Aboriginal economy in 
Australia. Australian Institute of Aboriginal Studies, Canberra
321
Altman, J. and M.C. Dillon 1988 Aboriginal land rights, land councils 
and the development of the Northern Territory. In D. Wade-Marshall 
and P. Loveday (eds) Contemporary issues in development. Northern 
Australia: Options and implications. Vol.l, pp.126-47. Australian
National University, North Australia Research Unit, Darwin
Anderson, C. and R. Robins, 1988 Dismissed due to lack of evidence? 
Kuku-Yulanji sites and the archaeological record. In B. Meehan and 
R. Jones (eds) Archaeology with ethnography: An Australian
perspective, pp.182-205. Department of Prehistory, Research School 
of Pacific Studies, Australian National University, Canberra
ANPWS (Australian National Parks and Wildlife Service) 1980 Kakadu 
National Park plan of management. Australian National Parks and 
Wildlife Service, Canberra
ANPWS (Australian National Parks and Wildlife Service) 1986 Kakadu 
National Park plan of management. Australian National Parks and 
Wildlife Service, Canberra
Ash, J. 1983 Rainfall patterns in northeastern Queensland 7 + 2KA. In 
J. Chappell and A. Grindrod (eds) CLIMANZ, p.90. Department of
Biogeography and Geomorphology, Research School of Pacific Studies, 
Australian National University, Canberra
Bailey, G.N. 1977 Shell mounds, shell middens and raised beaches in the 
Cape York Peninsula. Mankind 11:132-43
Baker, R. 1981 The Aboriginal environmental history of the Chambers Bay 
coastal plains. Unpublished BA Hons thesis. Australian National 
University, Canberra
Barton, G. 1979 Ngarradj Warde Jobkeng rocksheiter western Arnhem Land, 
Australia: An analysis and assessment of the flaked stone assemblage. 
Unpublished MA thesis. University of Auckland, Auckland
Basedow, H. 1932 Diseases of the Australian Aborigines. Journal of 
Tropical Medicine and Hygiene 3:1-32
Bayard, D. 1970 Excavations at Non Nok Tha northeastern Thailand 1968: 
An interim report. Asian Perspectives XIII:109-143
Bayard, D. 1971 Non Nok Tha. The 1968 excavation: Procedure,
stratigraphy and a summary of the evidence. Otago University Studies 
in Prehistoric Anthropology 4:77
Beaton, J.M. 1979 Report on archaeological fieldwork in the Flinders 
Island-Bathurst Heads - Princess Charlotte Bay area, north Queensland, 
1979. Unpublished preliminary report on fieldwork to the Australian 
Institute of Aboriginal Studies, Canberra
322
Beaton, J.M. 1985 Evidence for a coastal occupation time-lag at Princess 
Charlotte Bay (North Queensland) and implications for coastal 
colonization and population growth theories for Aboriginal Australia. 
Archaeology in Oceania 20(1):1-20
Beck, W. 1986 Aboriginal diet study in the Alligator Rivers region. 
Unpublished preliminary report to the Office of the Supervising 
Scientist, Jabiru
Bellwood, P. 1985 Prehistory of the Indo-Malaysian archipelago.
Academic Press, Sydney
Berndt, R.M. 1951 Ceremonial exchange in western Arnhem Land.
Southwestern Journal of Anthropology 7:156-76
Berndt, R.M. . and C.H. 1954 Arnhem Land, its history and its people. 
F.W. Cheshire, Melbourne
Berndt, R.M. and C.H. 1964 The world of the first Australians. Ure 
Smith, Sydney
Berndt, R.M. and C.H. Berndt 1970 Man, land and myth in north Australia: 
The Gunwinggu people. Ure Smith, Sydney
Birdsell, J.B. 1953 Some environmental and cultural factors influencing 
the structuring of Australian Aboriginal populations. American 
Naturalist 87:171-207
Bowler, J.M. 1976 Recent developments in reconstructing late Quaternary 
environments in Australia. In R.L. Kirk and A.G. Thorne (eds) The 
origins of the Australians, pp.55-77. Australia Institute of 
Aboriginal Studies, Canberra
Bowler, J.M. 1983 Southern Australia: Hydrologic evidence 7 + 2KA. In 
J. Chappell and A. Grindrod (eds) CLIMANZ, pp.91-92. Department of
Biogeography and Geomorphology, Research School of Pacific Studies, 
Australian National University, Canberra
Bowler, J.M., R. Jones, H.R. Allen and A.G. Thorne 1970 Pleistocene 
human remains from Australia: A living site and human cremation from 
Lake Mungo, western New South Wales. World Archaeology 2:39-60
Bowler, J.M., G.S. Hope, J.N. Jennings, G. Singh and D. Walker 1976 Late 
Quaternary Climates of Australia and New Guinea. Quaternary Research 
6:359-94
Brock, J. 1988 Top End native plants. John Brock, Darwin
Brockwell, C. 1983 Wetlands in focus. Unpublished MA Qualifying thesis. 
Australian National University, Canberra
Cahill, P. 1914-21 Letters to Sir W. Baldwin Spencer. Australian 
Institute of Aboriginal Studies, Canberra. Manuscripts 20 March 1914, 
26 March 1916, 24 November 1921
323
Cahill, P. 1919 The natives of the north: Their life and folk lore. The 
N.T. Times and Gazette, April 26
Calaby, J.H. 1980 Ecology and human use of the Australian savanna 
environment. In D.R. Harris (ed.) Human ecology in savanna
environments, pp.321-37. Academic Press, London
Cane, S.B. 1984 Desert camps: A case study of stone artefacts and
Aboriginal behaviour in the Western Desert. Unpublished PhD thesis. 
Australian National University, Canberra
Chaloupka, G. 1981 The traditional movement of a band of Aboriginals in 
Kakadu. In T. Stokes (ed.) Kakadu National Park educational
resources, pp.162-71. Australian National Parks and Wildlife 
Service, Canberra.
Chaloupka, G. 1983 Kakadu rock art: Its cultural, historic and
prehistoric significance. In D. Gillespie (ed.) The Rock art sites 
of Kakadu National Park: Some preliminary research findings for their 
conservation and management. Special Publications No.10, pp.3-33.
Australian National Parks and Wildlife Service, Canberra
Chaloupka, G. 1984a Beyond cultural sites. In H. Sullivan (ed.)
Visitors to Aboriginal sites: Access, control and management.
Proceedings of the 1983 Kakadu workshop, pp.62-73. Australian
National Parks and Wildlife Service, Canberra
Chaloupka, G. 1984b From palaeart to casual paintings. Monograph Series 
No.I. Northern Territory Museum of Arts and Sciences, Darwin
Chaloupka, G. and P. Giuliani 1984 Gundulk abel gundalg. Mayali flora. 
A report on Aboriginal use of plants in Kakadu. Unpublished. 
Northern Territory Museum of Arts and Sciences, Darwin
Chaloupka, G., N. Kapirigi, B. Nayidj i and G. Namingum 1985 A cultural 
survey of Balawurru, Deaf Adder Creek, Amarrkananga, Cannon Hill and 
the Northern Corridor. Unpublished report to the Australian National 
Parks and Wildlife Service. Museum and Art Galleries Board of the 
Northern Territory, Darwin
Chappell, J. 1988 Geomorphologie dynamics and evolution of tidal river 
and floodplain systems in northern Australia. In D. Wade-Marshall 
and P. Loveday (eds) Floodplains research. Northern Australia:
Progress and prospects, Vol.2, pp.34-57. Australian National
University, North Australia Research Unit, Darwin
Chappell, J., E.G. Rhodes, B.G. Thom and E. Wallensky 1982 'Hydro- 
isostasy and the sea-level isobase of 5500 BP in North Queensland, 
Australia. Marine Geology 49:81-90
324
Chappell, J. and A. Grindrod 1983 7 + 2KA 'Spike'. In J. Chappell and
A. Grindrod (eds) CLIMANZ, pp.87-88. Department of Biogeography and 
Geomorphology, Research School of Pacific Studies, Australian 
National University, Canberra
Chappell, J. and A. Grindrod 1985 Pollen analysis: Key to past mangrove 
communities and successional changes in north Australian coastal 
environments. In K.N. Bardsley, J.D.S. Davie and C.D. Woodroffe 
(eds) Coasts and tidal wetlands of the Australian monsoon region. 
Mangrove Monograph No.1, pp.225-36. Australian National University, 
North Australia Research Unit, Darwin
Chappell, J. and C.D. Woodroffe 1985 Morphodynamics of Northern
Territory tidal rivers and floodplains. In K.N. Bardsley, J.D.S. 
Davie and C.D. Woodroffe (eds) Coasts and tidal wetlands of the 
Australian monsoon region. Mangrove Monograph No.1, pp.85-96. 
Australian National University, North Australia Research Unit, Darwin
Chase, A. and P. Sutton 1981 Hunter-gatherers in a rich environment: 
Aboriginal coastal exploitation in Cape York Peninsula. In A. Keast 
(ed.) Biogeography and Ecology of Australia, pp.1819-1852. W. Junk, 
Amsterdam
Chaseling, W.S. 1957 Yulengor: Nomads of Arnhem Land. Epworth Press,
London
Christian, C.S. and J.M. Aldrick 1977 Alligator Rivers Study: A review 
report of the Alligator Rivers Region Environmental Fact-Finding 
Study. Australian Government Publishing Service, Canberra
Christian, C.S. and G.A. Stewart 1953 General report on the survey of 
the Katherine-Darwin region, 1946. Land Research Series No.1. 
Commonwealth Scientific and Industrial Research Organization (CSIRO), 
Canberra
Clark, J.D. 1980 Early human occupation of African savanna environments. 
In D.R. Harris (ed.) Human ecology of savanna environments, pp.41-71. 
Academic Press, London
Clark, R. 1983 Pollen and charcoal evidence for the effects of
Aboriginal burning on the vegetation of Australia. Archaeology in 
Oceania 18 (1): 32-37
Clark, R. and J. Guppy 1988 A transition from mangrove forest to
freshwater wetland in the monsoon tropics of Australia. Journal of 
Biogeography 15:665-84
Clarke, A. 1985 A preliminary archaeobotanical analysis of the 
Anbangbang I site. In R. Jones (ed.) Archaeological research in 
Kakadu National Park. Special publication No.13, pp.77-96.
Australian National Parks and Wildlife Service, Canberra
Clarke, A. 1987 An analysis of archaeobotanical data from two sites in 
Kakadu National Park. Unpublished MA thesis, University of Western 
Australia, Perth
325
Clarke, A. 1988 Archaeological and ethnobotanical interpretations of 
plant remains from Kakadu National Park, Northern Territory. In B. 
Meehan and R. Jones (eds) Archaeology with ethnography, pp.123-36. 
Department of Prehistory, Research School of Pacific Studies, 
Australian National University, Canberra
Clarke, A. 1989 Macroscopic plant remains. In W. Beck, A. Clarke and L. 
Head (eds) Plants in Australian archaeology. Tempus Archaeology and 
Material Culture Studies in Anthropology, Vol.l, pp.54-89. 
Anthropology Museum, University of Queensland, St Lucia
Clarke, M.F., R.J. Wasson and M.A.J. Williams 1979 Point Stuart Chenier 
and Holocene Sea Levels in Northern Australia. Search, 10:90-92
Clayton-Greene, K.A. and J.S. Beard 1985 The fire factor in vine thicket 
and woodland vegetation of the Admiralty Gulf region, northwest 
Kimberley, Western Australia. Proceedings of the Ecological Society 
of Australia 13:225-30
Cole, T. 1988 Hell west and crooked. Collins, Sydney
Condominas, G. 1980 Agricultural ecology in the southeast Asian savanna 
region: The Mnong Gar of Vietnam and their social space. In D.R. 
Harris (ed.) Human ecology in savanna environments, pp.209-51. 
Academic Press, London
Cotterell, B. and J. Kamminga, in press Mechanics of pre-industrial 
technology. Cambridge University Press, Cambridge
Coutts, P.J.F., R.K. Frank and P. Hughes 1978 Aboriginal engineers of 
the Western District, Victoria. Records of the Victorian
Archaeological Survey 1
Cribb, R. 1986 A preliminary report on archaeological findings in 
Aurukun Shire, western Cape York. Queensland Archaeological Research 
3:133-58
Cundy, B.J. 1985 The secondary use and reduction of cylindro-conical 
stone artefacts from the Adelaide and Mary Rivers. The Beagle: 
Occasional Papers of the Northern Territory Museum of Arts and 
Sciences 2 (1):115-27
Dahl, K. 1926 In Savage Australia: An account of a hunting and
collecting expedition to Arnhem Land and Dampier Land. Philip Allan 
and Co., London
Davidson, D.S. 1935 Archaeological problems of Northern Australia, 
Journal of the Royal Anthropological Institute of Great Britain and 
Ireland 65:145-185
Denbow, 1974 Prehistoric herders and foragers of the Kalahari: The
evidence for 1500 years of interaction. In C. Schrire (ed.) Past and 
present in hunter-gatherer studies, pp.175-93. Academic Press, 
Orlando
326
Denevan, W.M. 1966 The aboriginal cultural geography of the Llanos de 
Mojos of Bolivia. University of California Press, Berkely
Denevan, W.M. and A. Zucchi 1978 Ridged-field excavations in the central 
Orinoco Llanos, Venezuela. In D.L. Browman (ed.) Advances in Andean 
archaeology, pp.235-45. Mouton, The Hague
Dickson, F.P. 1981 Australian stone hatchets: A study in design and
dynamics. Academic Press, Sydney
Dixon, J.M. and L. Huxley (eds) Donald Thomson's mammals and fishes of 
northern Australia. Nelson, Melbourne
Dortch, C.E. 1977 Early and late stone industrial phases in western 
Australia. In R.V.S. Wright, (ed.) Stone tools as cultural markers: 
Change, evolution and complexity. Australian Institute of Aboriginal 
Studies, Canberra
East, T.J., R.F. Cull, A.S. Murray, A. Johnston, B. Noller, R.J. Wasson, 
R.L. Clark, I.R. Willett, G. Pickup and R.F. Warner 1987a Late 
Quaternary evolution of the Magela backwater plain. Alligator Rivers 
Region Research Institute annual research summary 1986-87, pp.29-36. 
Australian Government Publishing Service, Canberra
East, T.J., A.S. Murray, G.C. Nanson and R.L. Clark 1987b Late 
Quaternary evolution of Magela sandbed channels and floodplain. 
Alligator Rivers Region Research Institute annual research summary 
1986-87, pp.25-29. Australian Government Publishing Service,
Canberra
Earl, G.W. 1846 On the Aboriginal tribes of the northern coast of 
Australia. Journal of the Royal Geographic Society of London 16:239- 
51
Edmunds, R.H. 1865-66 Diary. South Australian State Archives. 
Accession No.1
Edwards, R. 1979 Australian Aboriginal Art. The Art of the Alligator 
Rivers Regions. Australian Institute of Aboriginal Studies, Canberra
Fagan, B.M. and F.L. Van Noten 1971 The hunter-gatherers of Gwisho. 
Musee de l'Afrique centrals. Series In-8 Sciences Humaines No.74. 
Tervuren, Belgium
Finlayson, M. 1988 Productivity and nutrient dynamics of seasonally 
inundated floodplains in the Northern Territory. In D. Wade-Marshall 
and P. Loveday (eds) Floodplains research. Northern Australia:
Progress and prospects, Vol.2, pp.58-83. Australian National
University, North Australia Research Unit, Darwin
327
Finlayson, C.M., B.J. Bailey, W.J. Freeland and M.R. Fleming 1988 
Wetlands of the Northern Territory. In A.J. McComb and P.S. Lake 
(eds) The conservation of Australia Wetlands, pp.103-26. Surrey 
Beatty and Sons, New South Wales, Australia
Finlayson, M. , I. Cowie and B. Bailey in press Characteristics of a 
seasonally flooded freshwater system. In J. Kuet, D. Whigham and R. 
Good (eds) Management of Wetlands: Tasks for vegetation science.
Junk, The Hague
Flinders, M. 1814 A voyage to Terra Australis. G. and W. Nicol, London
Flood, J. 1966 Archaeology of Yarar Shelter. Unpublished MA thesis, 
Australian National University, Canberra
Flood, J. 1970 A point assemblage from the Northern Territory. 
Archaeology and Physical Anthropology in Oceania 5:27-52
Foelsche, P. 1882 Notes on the Aborigines of north Australia. 
Transactions of the Royal Society of South Australia 5:1-18
Ford, B.D. and D.G. Tulloch (eds) 1977 The Australian buffalo. A 
collection of papers. Department of the Northern Territory Animal 
Industry and Agriculture Branch. Technical Bulletin No.18.
Australian Government Publishing Service, Canberra
Fox, R.W. , G.G. Kelleher and C.B. Kerr 1977 Ranger Uranium Environmental 
Inquiry Second Report. Australian Government Publishing Service, 
Canberra
Galloway, R.W. 1976 Geology of the Alligator Rivers Area. In R. Story, 
R.W. Galloway, J.R. McAlpine, J.M. Aldrick and M.A.J. Williams Lands 
of the Alligator Rivers Area, Northern Territory. Land Research 
Series No.38, pp.50-51. Commonwealth Scientific and Industrial 
Research Organization (CSIRO), Canberra
Galloway, R.W. , J.M. Aldrick, M.A.J. Williams and R. Story 1976 Land 
systems of the Alligator Rivers area. In R. Story, R.W. Galloway, 
J.R. McAlpine, J.M. Aldrick and M.A.J. Williams Lands of the 
Alligator Rivers area, Northern Territory. Land Research Series 
No.38, pp.15-34. Commonwealth Scientific and Industrial Research
Organization (CSIRO), Canberra
Gaughwin, D. 1983 Coastal economies and the Western Port Catchment. 
Unpublished MA thesis. La Trobe University, Melbourne
Gillespie, D. 1979 Nganaburru gurnwam (then the buffalo came): 
Environmental, economic and social effects of the introduction of a 
feral species into the estates of hunters and gatherers in the 
Alligator Rivers region. Unpublished research project. University 
of New England, Armidale
328
Gillespie, D. 1985 Imarlkba, historical archaeology and a fossicking 
economy site in the Top End of the Northern Territory. Unpublished 
M. Litt, thesis. University of New England, Armidale
Gillespie, D. 1988 Tourism in Kakadu National Park. In D. Wade-Marshall 
and P. Loveday (eds) Contemporary issues in development. North 
Australia: Progress and prospects, Vol.l, pp.
Golson, J. 1971 Australian Aboriginal food plants: some ecological and
culture-historical implications. In D.J. Mulvaney and J. Golson 
(eds) Aboriginal man and environment in Australia, pp.196-238. 
Australian National University Press, Canberra
Gorman, C.F. 1970 Excavations at Spirit Cave, North Thailand: Some
interim interpretations. Asian Perspectives 13:79-108
Gorman, C.F. 1971 The Hoabinhian and after: Subsistence patterns in
southeast Asia during the late Pleistocene and early Recent periods. 
World Archaeology 2:300-20
Gorman, C.F. 1977 A priori models and Thai prehistory. In C.A. Reed 
(ed.) Origins of agriculture, pp.321-56. Mouton, The Hague
Gott, B. 1982 Ecology of root use by the Aborigines of southern
Australia. Archaeology in Oceania 17:59-67
Gould, R.A. 1969 Puntutjarpa rocksheiter: A reply to Messrs Glover and 
Lampert. Archaeology and Physical Anthropology in Oceania 4:229-37
Grindrod, J. 1988 Holocene mangrove history of the South Alligator River 
estuary, Northern Territory, Australia. Unpublished PhD thesis, 
Australian National University, Canberra
Hale, H.M. and N.B. Tindale 1933-34 Aborigines of Princess Charlotte 
Bay, north Queensland. Records of the South Australian Museum 5 
(1):63-116; 5 (2):117-72
Hamm, G. 1987 In search of cylcons. Unpublished BA Hons thesis,
Australian National University, Canberra
Hammond, N. 1980 Prehistoric human utilization of the savanna 
environments of middle and south America. In D.R. Harris (ed.) Human 
ecology in savanna environments, pp.73-105. Academic Press, London
Harris, D. 1973 The prehistory of tropical agriculture. In C. Renfrew 
(ed.) The explanation of culture change: Models in prehistory,
pp.391-417. Duckworth, London
Harris, D.R. 1977 Subsistence strategies across Torres Strait. In J. 
Allen, J. Golson and R. Jones (eds) Sunda and Sahul: Prehistoric
studies in southeast Asia, Melanesia and Australia, pp.421-64. 
Academic Press, London
329
Harris, D.R. 1980a Commentary: Human occupation and exploitation of
savanna environments. In D.R. Harris (ed.) Human ecology in savanna 
environments, pp.31-39. Academic Press, London
Harris, D.R. 1980b Tropical Savanna environments: definition,
distribution, diversity and development. In D.R. Harris (ed.) Human 
ecology in savanna environments, pp.3-27. Academic Press, London
Harley, W. 1979 A checklist of economic plants in Australia.
Commonwealth Scientific and Industrial Research Organization (CSIRO), 
Melbourne
Haskovec, I. 1988 The proof of the pudding: An essay on the use of
ethnography in archaeology. In B. Meehan and R. Jones (eds) 
Archaeology with ethnography, pp.206-14. Prehistory Department, 
Research School of Pacific Studies, Australian National University, 
Canberra
Haskovec, I. and H. Sullivan 1987 Preliminary archaeological
investigations of certain areas on the Goodparla lease. Unpublished 
report. Australian National Parks and Wildlife Service, Kakadu
Hayden, B. 1977 Stone tool functions in the western desert. In R.V.S. 
Wright (ed.) Stone tools as cultural markers: Change, evolution and
complexity, pp.178-188. Australian Institute of Aboriginal Studies, 
Canberra
Haydon, T. 1975 The long, long walkabout. British Broadcasting
Corporation.
Haynes, C.D. 1978 Land, trees and man (gunret, gundulk, dja bining).
Commonwealth Forestry Review 57(2):99-106
Haynes, C.D. 1985 The pattern and ecology of munwag: Traditional
Aboriginal fire regimes in north central Arnhem Land. Proceedings of 
the Ecological Society of Australia 13:203-14
Head, L. 1983 Environment as artefact: A geographic perspective on the 
Holocene occupation of southwest Victoria. Archaeology in Oceania 
18:73-80
Head, L. 1987 The Holocene prehistory of a coastal wetland system: 
Discovery Bay, southeastern Australia. Human Ecology 15(4):435-62
Hiatt, B. [Meehan] 1967 The food quest and economy of the Tasmanian 
Aborigines. Oceania 38(2):99-133
Hiatt, B. [Meehan] 1968a The food quest and economy of the Tasmanian 
Aborigines. Oceania 38:99-133, 190-219
Hiatt, B. [Meehan] 1968b The food quest and economy of the Tasmanian 
Aborigines. Oceania 38(3):190-219
330
Hiatt, L. 1965 Kinship and conflict. Australian National University 
Press, Canberra
Higham, C. 1988 The social and chronological contexts of early bronze 
working in Southeast Asia. Paper prepared for Ancient Chinese and 
South East Asian Bronze Age Cultures conference at Kioloa, Australia. 
February 1988
Higham, C.F.W. 1989 The archaeology of mainland southeast Asia. 
Cambridge University Press, Cambridge
Higham, C.F.W. , R. Bannanurag, B.K. Maloney and B.A. Vincent 1987 Khok 
Phanom Di: The results of the 1984-85 excavation. Bulletin of the 
Indo-Pacific Prehistory Association (7):148-77
Hill, R. and G.J.W. Webb 1982 Floating grass mats of the Northern 
Territory floodplains - an endangered habitat? Wetlands 2:45-60
Hiscock, P. 1981 Comments on the use of chipped stone artefacts as a 
measure of 'intensity of site usage'. Australian Archaeology 
(13):30-34
Hope, G. 1983 Montane Papua New Guinea 9000-5000 BP. In J . Chappell and 
A. Grindrod (eds) CLIMANZ, pp.97-98. Department of Biogeography and 
Geomorphology, Research School of Pacific Studies, Australian 
National University, Canberra
Hope, G., P.J. Hughes and J. Russell-Smith 1985 Geomorphological 
fieldwork and the evolution of the landscape of Kakadu National Park. 
In R. Jones (ed.) Archaeological research in Kakadu National Park. 
Special Publication No.13, pp.229-40. Australian National Parks and 
Wildlife Service, Canberra
Hope, G. , D. Gillieson and J. Head 1988 A comparison of sedimentation 
and environmental change in New Guinea shallow lakes. Journal of
Biogeography 15:603-19
Horn, D.D. 1984 Marsh resource utilization and the ethnoarchaeology of 
the Uru-Muratos of highland Bolivia. PhD thesis, Washington 
University, St Louis, Missouri. Facsimile, UMI Dissertation
Information Service, Ann Arbour, Michigan, 1987
Jennings, J.N. 1975 Desert dunes and estuarine fill in the Fitzroy 
estuary, north-western Australia. Catena 2:215-62
Jelinek, J. 1979a Rembarranga ethnographical notes. Anthropologie 
17:307-23. Moravske Museum, Brno, Czechoslovakia
Jelinek, J. 1979b Stone tool localities in Arnhem Land. Anthropologie 
17:111-14. Moravske Museum, Brno, Czechoslovakia
331
Johnson, I. and R. Jones 1985 Fieldwork methods. In R. Jones (ed.) 
Archaeological research in Kakadu National Park. Special Publication 
No.13, pp.31-37, Australian National Parks and Wildlife Service, 
Canberra
Jones, R. 1969 Fire-stick farming. Australian Natural History 16:224-28
Jones, R. 1971 Rocky Cape and the problem of the Tasmanians.
Unpublished PhD thesis, University of Sydney, Sydney
Jones, R. 1975 The Neolithic, Palaeolithic and the hunting gardners: Man 
and land in the Antipodes. In R.P. Suggate and M.M. Creswell (eds) 
Quartemary studies. Bulletin 13, pp.21-34. Royal Society of New 
Zealand, Wellington
Jones, R. 1979 The fifth continent: Problems concerning the human
colonization of Australia. Annual Review of Anthropology 8:445-66
Jones, R. 1980 Hunters in the Australian coastal savanna. In D.R.
Harris (ed.) Human ecology in savanna environments, pp.107-46. 
Academic Press, London
Jones, R. 1985 Archaeological research in Kakadu National Park. Special 
Publication No.13. Australian National Parks and Wildlife Service, 
Canberra
Jones, R. 1985a Archaeological conclusions. In R. Jones (ed.) 
Archaeological research in Kakadu National Park. Special Publication 
No.13, pp.291-98. Australian National Parks and Wildlife Service,
Canberra
Jones, R. 1985b New research aims, Aboriginal liaison and field
strategy. In R. Jones (ed.) Archaeological research in Kakadu 
National Park. Special Publication No.13, pp.17-29. Australian
National Parks and Wildlife Service,'Canberra
Jones, R. in press Hunters of the dreaming: Ideational, economic and 
ecological parameters of the Australian Aboriginal productive system. 
In D. Yen and J. Mummery (eds) Production systems of the Pacific 
region. Department of Prehistory, Research School of Pacific 
Studies, Australian National University, Canberra
Jones, R. and J. Bowler 1980 Struggle for the savanna: Northern
Australia in ecological and prehistoric perspective. In R. Jones 
(ed. ) Northern Australia: Options and implications, pp.3-31.
Research School of Pacific Studies, Australian National University, 
Canberra
Jones, R. and T. Negerevich 1980 Review of archaeological work at Kakadu 
and neighbouring area. Archaeological research in the Kakadu Park: 
Unpublished consultancy report to the Australian National Parks and 
Wildlife Service, pp.20-41. Department of Prehistory, Research 
School of Pacific Studies, Australian National University, Canberra
332
Jones, R. and T. Negerevich 1985 A review of previous archaeological 
work. In R. Jones (ed.) Archaeological research in Kakadu National 
Park. Special Publication No.13, pp.1-14. Australian National Parks 
and Wildlife Service, Canberra
Jones, R. and I. Johnson 1985a Deaf Adder Gorge: Lindner site,
Nauwalabila I. In R. Jones (ed.) Archaeological research in Kakadu 
National Park. Special Publication No.13, pp.165-227. Australian 
National Parks and Wildlife Service, Canberra
Jones, R. and I. Johnson 1985b Rocksheiter excavations: Nourlangie and 
Mt Brockman massifs. In R. Jones (ed.) Archaeological research in 
Kakadu National Park. Special Publication No.13, pp.39-76.
Australian National Parks and Wildlife Service, Canberra
Jones, R. and N. White 1988 Point blank: Stone tool manufacture at the
Ngilipitji quarry, Arnhem Land, 1981. In B. Meehan and R. Jones 
(eds) Archaeology with ethnography: An Australian perspective, pp.51- 
87. Department of Prehistory, Research School of Pacific Studies, 
Australian National University, Canberra
Jones, R. and B. Meehan in press The Arnhem salient. In D. Bell (ed.) 
Aborigines and the defence of Australia. Pergamon Press, Canberra
Issacs, J. 1987 Bush food: Aboriginal food and herbal medicine.
Weldons, Sydney
Kamminga, J. 1971 Microscopic and experimental studies of Australian
Aboriginal stone tools. Unpublished BA Hons thesis. University of 
Sydney, Sydney
Kamminga, J. 1977 A functional study of an Australian tool type: The
elouera. In R.V.S. Wright (ed.) Stone tools as cultural markers: 
Change, evolution and complexity, pp.205-12. Australian Institute of 
Aboriginal Studies, Canberra
Kamminga, J. 1978 Journey into the microcosms. A functional study of
certain classes of prehistoric Australian stone tools. Unpublished 
PhD thesis. University of Sydney, Sydney
Kamminga, J. 1980 Report on the preservation of some archaeological 
sites in the Kakadu National Park, Northern Territory. Unpublished. 
Australian National Parks and Wildlife Service, Kakadu
Kamminga, J. 1982 Over the edge: Functional analysis of Australian stone 
tools. Occasional Papers in Anthropology No.12. Anthropology
Museum, University of Queensland, St Lucia
Kamminga, J.1985 The pirri graver. Australian Aboriginal Studies 11:2- 
25
Kamminga, J. 1988 Wood artefacts: A checklist of plant species utilized 
by Australian Aborigines. Australian Aboriginal Studies (2):26-59
333
Kamminga, J. and H.R. Allen 1973 Report of the archaeological survey. 
Alligator Rivers Environmental Fact-Finding study. Government
Printer, Darwin
Keen, I. 1980a The Alligator Rivers Aborigines: Retrospect and prospect. 
In R. Jones (ed.) Northern Australia options and implications, 
pp.171-86. Research School of Pacific Studies, Australian National 
University, Canberra
Keen, I. 1980b The Alligator Rivers Stage II Land Claim. Unpublished. 
Northern Land Council, Darwin
Kershaw, A.P. 1983 The vegetation record from northeastern Australia 
7 + 2KA. In J. Chappell and A. Grindrod (eds) CLIMANZ, pp.100-101. 
Department of Biogeography and Geomorphology, Research School of 
Pacific Studies, Australian National University, Canberra
Kershaw, A.P. 1985 An extended late Quaternary vegetation record from 
northeastern Queensland and its implications for the seasonal tropics 
of Australia. Proceedings of the Ecological Society of Australia 
13:179-89
Kershaw, A.P. and H.A. Nix 1988 Quantitative palaeoclimatic estimates 
from pollen data using bioclimatic profiles of extant taxa. Journal 
of Biogeography 15:589-602
Kikkawa, J. and G.B. Monteith 1980 Animal ecology of monsoon forests of 
the Kakadu region, Northern Territory. Unpublished report.
Australian National Parks and Wildlife Service, Canberra
King, P.P. 1827 Narrative of a survey of the intertropical and western 
coasts of Australia, Vol.l. John Murray, London
Kirke, C.M., St G. 1980 Prehistoric agriculture in the Belize River 
valley. World Archaeology 11(3):281-286
Klaver, J. 1987 Old ovens are soon hot. Unpublished Hons thesis. 
Department of Prehistory and Anthropology, Australian National 
University, Canberra
Lawrence, R.J. 1968 Aboriginal habitat and economy. Occasional Paper 
No.6. Department of Geography, Australian National University, 
Canberra
Lees, B.G. and A. Clements 1987 Climatic implications of chenier dates 
in northern Australia. Radiocarbon 29:311-17
Leichhardt, L. 1847 Journal of an overland expedition in Australia from 
More ton Bay to Port Essington. T. and W. Boone, London
Letts, G.A., A. Bassingthwaighte and W.E.L. de Vos 1979 Feral animals in 
the Northern Territory. Report of the Board of Inquiry. Government 
Printer of the Northern Territory, Darwin
334
Levitt, D. 1981 Plants and people: Aboriginal uses of plants on Groote 
Eylandt. Australian Institute of Aboriginal Studies, Canberra
Levitus, R. 1982 Everybody bin all day work. A report to the Australian 
National Parks and Wildlife Service on the social history of the 
Alligator Rivers region of the Northern Territory 1869-1973. 
Unpublished. Australian National Parks and Wildlife Service, 
Canberra
Lewis, D. 1988 The rock paintings of Arnhem Land: Sociological,
ecological and material culture change in the post-Glacial period. 
British Archaeological Reports International Series 415, Oxford
Lewis, H.T. 1982 Fire technology and resource management in Aboriginal 
North America and Australia. In N.M. Williams and E.S. Hunn (eds) 
Resource managers: North America and Australian hunter-gatherers,
pp.45-67. American Association for the Advancement of Science, San 
Fransisco
Lourandos, H. 1976 Aboriginal settlement and land use in southwestern
Victoria: A report on current fieldwork. The Artefact 1(4):174-93
Lourandos, H. 1980 Change or stability?: Hydraulics, hunter-gatherers
and population in temperate Australia. World Archaeology 11(3):245- 
64
Lourandos, H. 1983 Intensification: A late Pleistocene-Holocene
archaeological sequence from southwestern Victoria. Archaeology in 
Oceania 18 (2): 81-94
Luebbers, R.A. 1978 Meals and menus: A study of change in prehistoric 
coastal settlements in South Australia. Unpublished PhD thesis. 
Australian National University, Canberra
Macgillivray, J. 1852 Narrative of the Voyage of H.M.S. Rattlesnake
commanded by the late Captain 0. Stanley during the years 184-6-50, 
Vol.l. T. and W. Boone, London
Macintosh, N.W.G. 1951 Archaeology of Tandandjal Cave, southwest Arnhem 
Land. Oceania 21:178-204
MacKnight, C.C. 1976 The voyage to Marege: Macassan traders to northern 
Australia. Melbourne University Press, Melbourne
MacKnight, C.C. 1981 Macassans and the Aboriginal past. Archaeology in 
Oceania 21:69-75
Maddock, K. 1988 God, Caesar and mammon at Coronation Hill. Oceania 
58(4):305-10
335
McAlpine, J.R. 1969 The climate of the Adelaide-Alligator area. In R. 
Story, M.A.J. Williams, A.D.L. Hooper, R.E. O'Ferrall and J.R. 
McAlpine. Lands of the Alligator Rivers area, Northern Territory. 
Land Research Series No.25, pp.35-49. Commonwealth Scientific and 
Industrial Research Organization (CSIRO), Canberra
McAlpine, J.R. 1976 Climate and water balance. In R. Story, R.W.
Galloway, J.R. McAlpine, J.M. Aldrick and M.A.J. Williams. Lands of 
the Alligator Rivers areas, Northern Territory. Land Research Series 
No.38, pp.35-49. Commonwealth Scientific and Industrial Research
Organization (CSIRO), Canberra
McArthur, M. (ed.) 1960 Report of the nutrition unit. In C.P. Mountford 
(ed.) Anthropology and nutrition. Records of the American-Australian 
Scientific Expedition to Arnhem Land, Vol.2, pp.1-143. Melbourne 
University Press, Melbourne
McCarthy, F.D. 1951 Stone Implements from Tandandjal Cave. An Appendix 
to N.W.G. Macintosh Archaeology of Tandandjal Cave, southwest Arnhem 
Land. Oceania 21(3):178-213
McCarthy, F.D. 1967 Australian Aboriginal stone implements. Australian 
Museum Trust, Sydney
McCarthy, F.D. and N. McArthur 1960 The food quest and time factor in 
Aboriginal economic life. In C.P. Mountford (ed.) Anthropology and 
nutrition. Records of the American-Australian Scientific Expedition 
to Arnhem Land, Vol.2, pp.145-194. Melbourne University Press, 
Melbourne
McCarthy, F.D. and F.M. Setzler 1960 The archaeology of Arnhem Land. In 
C.P. Mountford (ed.) Anthropology and nutrition. Records of the 
American-Australian Scientific Expedition to Arnhem Land, Vol.2, 
pp.215-95. Melbourne University Press, Melbourne
McConnel, U. 1930-31 The Wik Munkan tribe of Cape York peninsula. 
Oceania 1:97-104
McConnel, U. 1957 Myths of the Mungkin. Melbourne University Press, 
Melbourne
McCulloch, M.T., P. de Dekker and A.R. Chivas 1989 Strontium isotope 
variations in single ostracod valves from the Gulf of Carpentaria, 
Australia: A palaeoenvironmental indicator. Geochimica and
Cosmochimica Acta 53:1703-10
McKenzie, I. 1980 European incursions and failures in northern
Australia. In R. Jones (ed.) Northern Australia: Options and 
implications, pp.43-72. Research School of Pacific Studies,
Australian National University, Canberra
McKenzie, K. 1983 Spear in the stone.
Aboriginal Studies, Canberra
Australian Institute of
336
McKinlay, J. 1966 J. McKinlay's journal and report of explorations, 
1866. South Australia Parliamentary Papers 26 (82A):1-10
McLaughlin, D. 1982 A checklist of biotic resources utilized by
Aboriginal people in the Alligator Rivers region. Unpublished.
Northern Land Council and the Australian National Parks and Wildlife 
Service, Darwin
Meehan, B. 1982 From shell bed to shell midden. Australian Institute of 
Aboriginal Studies, Canberra
Meehan, B. 1988a Changes in Aboriginal exploitation of wetlands in 
northern Australia. In D. Wade-Marshall and P. Loveday (eds) 
Floodplains research. Northern Australia: Progress and prospects,
Vol.2, Appendix 2. Australian National University, North Australia 
Research Unit, Darwin
Meehan, B. 1988b The 'dinnertime camp'. In B. Meehan and R. Jones (eds) 
Archaeology with ethnography, pp.171-81. Department of Prehistory, 
Research School of Pacific Studies, Australian National University, 
Canberra
Meehan, B. in press Wetland hunters: Some reflections. In Northern
heritage: Landscape, ecology and man in monsoonal lowlands in
Australia. A.A. Balkeima, Rotterdam
Meehan, B. and R. Jones 1980 The outstation movement and hints of a 
white backlash. In R. Jones (ed.) Northern Australia: Options and
implications, pp.131-57. Research School of Pacific Studies, 
Australian National University, Canberra
Meehan, B., S. Brockwell, J. Allen and R. Jones 1985 The wetlands sites. 
In R. Jones (ed.) Archaeological research in Kakadu National Park. 
Special Publication No.13, pp.103-53. Australian National Parks and 
Wildlife Service, Canberra
Merlan, F. and A. Rumsey 1982 The Jawoyn (Katherine Area) land claim 
book. Unpublished. Northern Land Council, Darwin
Moroney, M.J. 1951 Facts from figures. Penguin, Harmondsworth
Mulvaney, D.J. 1975 The prehistory of Australia. Penguin, Harmondsworth
Mulvaney, D.J. and E.B. Joyce 1965 Archaeological and geomorphological 
investigations on Mt Moffat Station, Queensland, Australia. 
Proceedings of the Prehistoric Society 31:47-212
Needham, R.S. 1982 Cahill, Northern Territory. 1:100,000 geological map
commentary. Bureau of Mineral Resources, Geology and Geophysics, 
Canberra
Needham, R.S. 1984 Alligator River, Northern Territory. 1:250,000
geological series explanatory notes. Bureau of Mineral Resources, 
Geology and Geophysics, Canberra
337
Needham, R.S. and P.G. Stuart-Smith 1984 Geology of Che Pine Creek 
Geosyncline, Northern Territory. 1:500,000 map. Bureau of Mineral 
Resources, Geology and Geophysics, Canberra
Neidjie, B., S. Davis and A. Fox 1985 Kakadu man. Prestige Litho and 
Mybrood, Brisbane
Nix, H.A. and J.D. Kalma 1972 Climate as a dominant control in the 
biogeography of northern Australia and New Guinea. In D. Walker 
(ed.) Bridge and barrier: The natural and cultural history of Torres 
Strait, pp.61-92. Department of Biogeography and Geomorphology, 
Research School of Pacific Studies, Australian National University, 
Canberra
0'Faircheallaigh, C. 1988 Uranium royalties and Aboriginal economic 
development. In D. Wade-Marshall and P. Loveday (eds) Contemporary 
issues in development. Northern Australia: Progress and prospects,
Vol.l, pp.155-81. North Australia Research Unit, Australian National 
University, Darwin
Ohtsuka, R. 1977 The sago eaters: An ecological discussion with special 
reference to the Oriomo Papuans. In J. Allen, J. Golson and R. Jones 
(eds) Sunda and Sahul: Prehistoric studies in southeast Asia,
Melanesia and Australia, pp.465-92. Academic Press, London
Ohtsuka, R. 1983 The Oriomo Papuans: Gathering versus horticulture in an 
ecological context. In V.N. Misra and P. Bellwood (eds) Recent 
advances in Indo-Pacific prehistory, pp.343-48. Oxford - IBH, New 
Delhi
Paijmans, K. , R.W. Galloway, D.P. Faith, P.M. Fleming, H.A. Haantjens, 
P.C. Heyligers, J.D. Kalma and E. Loffler 1985 Aspects of Australian 
wetlands. Australian Division of Water and Land Resources Technical 
Paper No.44. Commonwealth Scientific and Industrial Research 
Organization (CSIRO), Canberra
Paton, R. in press Stone blade production and use: An ethnographical
case study from central Northern Territory, Australia. In A. Galla 
(ed.) Montage on stone. Canberra College of Advanced Education, 
Canberra
Peterson, N. 1968 The pestle and mortar: An ethnographic analogy for
archaeology in Arnhem Land. Mankind 6(ll):567-70
Peterson, N. 1973 Campsite locations amongst Australian hunter- 
gatherers. Archaeology and Physical Anthropology in Oceania 8:173-93
Roth, W.E. 1904 Domestic Implements, Arts and Manufactures. North 
Queensland Ethnography Bulletin No.7. Government Printer, Brisbane
Russell-Smith, J. 1984 The status and condition of monsoon vineforest in 
the Kakadu region: A management report. Unpublished. Australian
National Parks and Wildlife Service, Canberra
338
Russell-Smith, J. 1985a A record of change: Studies of Holocene 
vegetation history in the South Alligator River region. Proceedings 
of Che Ecological Society of Australia 13:191-202
Russell-Smith, J. 1985b Studies in the jungle: People, fire and monsoon 
forest. In R. Jones (ed.) Archaeological research in Kakadu National 
Park. Special publication No.13, pp.241-67. Australian National 
Parks and Wildlife Service, Canberra
Russell-Smith, J. and C. Dunlop 1983 The status of monsoon vine forests 
in the Northern Territory: A perspective. In G.L. Werren and A.P.
Kershaw (eds) Proceedings of Symposium 'The past, present and future 
of Australian rainforests', December 1983. Unpublished, Brisbane
Rosenfeld, A., D. Horton and J. Winter 1981 Early man in north 
Queensland. Terra Australis 6. Department of Prehistory, Research 
School of Pacific Studies, Australian National University, Canberra
Rhoads, J.W. 1980 Through a glass darkly. Unpublished PhD thesis. 
Australian National University, Canberra
Sanders, B. 1975 Scrapers from Ingaladdi. Unpublished MA Qualifying 
thesis. Australian National University, Canberra
Sauer, C.O. 1952 Agricultural origins and dispersals. American 
Geographical Society, New York
Scarlett, N. 1976 Riitja and Gathal: The role of monsoon and mangrove 
forests in Yuulngu traditional economy. Unpublished paper presented 
at the Ethnobotany Workshop. Australian Institute of Aboriginal 
Studies, Canberra
Schrire, C. 1972 Ethno-archaeology models and subsistence behaviour in 
Arnhem Land. In D.L. Clarke (ed.) Models in Archaeology, pp.653-70. 
Me thuen, London
Schrire, C. 1982 The Alligator Rivers: Prehistory and ecology in western 
Arnhem Land. Terra Australis 7. Department of Prehistory, Research 
School of Pacific Studies, Australian National University, Canberra
Schrire, C. 1984 Interactions of past and present in Arnhem Land, north 
Australia. In C. Schrire (ed.) Past and present in hunter gatherer 
studies, pp.67-93. Academic Press, Orlando
Smart, J. 1976 The nature and origin of beach ridges, western Cape York 
Peninsula. Journal of Australian Geology and Geophysics 1:211-18
Smith, M.A. 1981 Field archaeologist's report for 1980. Unpublished. 
Museums and Art Galleries of the Northern Territory, Darwin
339
Smith, M.A. 1985 A morphological comparison of central Australian
seedgrinding implements and Australian Pleistocene-age grindstones. 
The Beagle. Occasional Papers of Che Northern Territory Museum of 
Arts and Sciences 2(l):23-38
Smith, M.A. 1988a Central Australian seedgrinding implements and 
Pleistocene grindstones. In B. Meehan and R. Jones (eds) Archaeology 
with ethnography, pp.94-108. Department of Prehistory, Research 
School of Pacific Studies, Australian National University, Canberra
Smith, M.A. 1988b The pattern and timing of prehistoric settlement in 
central Australia. Unpublished PhD thesis. University of New 
England, Armidale
Smyth, D.M. and J.R. von Sturmer 1981 The use of plants by the
Aboriginal people in the Oenpelli region of western Arnhem Land. 
Unpublished report on the social impact of uranium mining of the 
Aborigines of the Northern Territory. Australian Institute of 
Aboriginal Studies, Canberra
Specht, R.L. 1958 An introduction to the ethno-botany of Arnhem Land. 
In R.L. Specht and C.P. Mountford (eds) Botony and plant ecology. 
Records of the American-Australian Scientific Expedition to Arnhem 
Land, Vol.3, pp.479-504. Melbourne University Press, Melbourne
Specht, R.L. and C.P. Mountford (eds) 1958 Botany and plant ecology. 
Records of the American-Australian Scientific Expedition to Arnhem 
Land, Vol.3. Melbourne University Press, Melbourne
Spencer, W.B. 1914 The native tribes of the Northern Territory of 
Australia. Macmillan, London
Spencer, W.B. 1922 Guide to the Australian ethnological collection 
exhibited in the National Museum of Victoria. National Museum of 
Victoria, Melbourne
Spencer, W.B. 1928 Wanderings in wild Australia. Macmillan, London
Spencer, W.B. and F.J. Gillen 1904 Northern tribes of central Australia. 
Macmillan, London
Stanner, W.E.H. 1933-34 Ceremonial economics of the Mulluk-Mulluk and 
Madngella tribes of the Daly River, northern Australia. Oceania 
4:156-75, 458-71
Stocker, G.C. 1970 The effects of water buffaloes on paperbark forests 
in the Northern Territory. Australian Forest Research 5:29-34
Stocker, G.C. 1971a 'The age of charcoal from old jungle fowl nests and 
vegetation change on Melville Island'. Search 2:28-30
Stocker, G.C. 1971b 'Water buffaloes and conservation in the Northern 
Territory'. Wildlife in Australia 8:10-12
340
Stone, T. 1989 Origins and environmental significance of shell and earth 
mounds in Northern Australia. Archaeology in Oceania 24(2):59-64
Story, R. 1969a Summary description of the Adelaide-Alligator area. In 
R. Story, M.A.J. Williams, A.D.L. Hooper, R.E. O'Ferrall and J.R. 
McAlpine Lands of Che Adelaide-Alligator Area, Northern Territory. 
Land Research Series No.25, pp.16-23. Commonwealth Scientific and 
Industrial Research Organization (CSIRO), Canberra
Story, R. 1969b Vegetation of the Adelaide-Alligator area. In R. Story, 
M.A.J. Williams, A.D.L. Hooper, R.E. O'Ferrall and J.R. McAlpine 
Lands of the Adelaide-Alligator area, Northern Territory, Land 
Research Series No.25, pp.114-130. Commonwealth Scientific and 
Industrial Research Organization (CSIRO), Canberra
Story, R. 1976 Vegetation of the Alligator Rivers area. In R. Story, 
R.W. Galloway, J.R. McAlpine, J.M. Aldrich and M.A.J. Williams Land 
of the Alligator Rivers area, Northern Territory. Land Research 
Series, No.38, pp.89-111. Commonwealth Scientific and Industrial 
Research Organization (CSIRO), Canberra
Strahan, R. (ed.) 1983 The Australian Museum complete hook of Australian 
mammals. Angus and Robertson, Sydney
Stuart, J.M. 1865 The journals of J. McDouall Stuart. Saunders, Oatrey 
and Co., London
Sutton, P. 1978 Wik: Aboriginal society, territory and language of Cape 
Keerweer, Cape York peninsula, Australia. Unpublished PhD thesis. 
University of Queensland, St Lucia
Sweatman, J. The journal of John Sweatman: A nineteenth century 
surveying voyage in north Australia and Torres Strait. J. Allen and 
P. Corris (eds). University of Queensland Press, St Lucia
Tacon, P.S.C. 1987 Internal-external: A re-evaluation of the 'X-ray'
concept in western Arnhem Land rock art. Rock Art Research 4(1):36- 
50
Tacon, P.S.C. in press Art and the essence of being: Symbolic and 
economic aspects of fish among the peoples of western Arnhem Land, 
Australia. In H. Morphy (ed.) Animals into Art. Allen and Unwin, 
London
Taylor, J.A. and C.R. Dunlop 1985 Plant communities of the wet-dry 
tropics of Australia: The Alligator Rivers region, Northern
Territory. Proceedings of the Ecological Society of Australia 13:83- 
127
Thom, B.G. and J. Chappell 1975 
Australia. Search 6:90-93
Holocene sea levels relative to
341
Thomson, D.F. 1939 The seasonal factor in human culture. Proceedings of 
the Prehistoric Society 5(2):209-21
Thomson, D.F. 1948-49 Arnhem Land: Explorations among an unknown people. 
Geographical Journal 112:146-64, 113:1-8; 53-67
Thomson, D.F. 1949 Economic structure and the ceremonial exchange cycle 
in Arnhem Land. Macmillan, Melbourne
Thomson, D.F. 1983 Donald Thomson in Arnhem Land. Compiled and 
introduced by N. Peterson. Currey O'Neil, Melbourne
Tindale, N.B. 1928 Native rockshelters at Oenpelli, Van Dieman Gulf. 
South Australia Naturalist 9:35-36
Tindale, N.B. 1974 Aboriginal tribes of Australia: Their terrain,
environmental controls, distribution, limits and proper names. 
Berkeley, University of California Press
Torgersen, T., J. Luly, P. de Dekker, M.R. Jones, D.E. Searle, A.R. 
Chivas and W.J. Ullman 1988 Late Quaternary environments of the 
Carpentaria Basin, Australia. Palaeogeography, palaeoclimatology and 
palaeoecology 67:245-61
Urry, J. and M. Walsh 1981 The lost 'Macassar language' of Northern 
Australia in D. Marwick and J. Urry (eds) Aboriginal history - Asian 
contact 5(2):91-108
Valoch, K. 1979 Stone tool assemblages from Arnhem Land. Anthropologie 
17.115-57. Moravske Museum, Brno, Czechoslovakia
Van Liere, W.J. 1980 Traditional water management in the lower Mekong 
Basin. World Archaeology 11(3): 265-80
Warburton, C. 1944 Buffaloes: Life and adventure in Arnhem Land.
Consolidated Press, Sydney
Warner, W.L. 1937 A black civilization. Harper, New York
Warner, W.L. 1958 A black civilization. New York
Wasson, R.J, in press Modern sedimentation and late
evolution of the Magela Creek Plains. Report to the Office of the 
Supervising Scientist, Jabiru
White [Schrire], C. 1967a Early stone axes in Arnhem Land. Antiquity 
41:147-52
White [Schrire], C. 1967b Plateau and plain: Prehistoric investigations 
in Arnhem Land, Northern Territory. Unpublished PhD thesis. 
Australian National University, Canberra
342
White [Schrire], C. 1967c The prehistory of the Kakadu people. Mankind 
6(9):426-31
White [Schrire], C. 1968 Report on field survey June-August 1968.
Unpublished. Australian Institute of Aboriginal Studies, Canberra
White [Schrire], C. 1971 Man and environment in northwest Arnhem Land. 
In D.J. Mulvaney and J. Golson (eds) Aboriginal man and environment 
in Australia, pp.141-57. Australian National University Press, 
Canberra
White [Schrire], C. 1971 Man and environment in northwest Arnhem Land. 
In D.J. Mulvaney and J. Golson (eds) Aboriginal Man and Environment 
in Australia, pp. Australian National University Press, Canberra
White [Schrire], C. and N. Peterson 1969 Ethnographic interpretation of 
the prehistory of western Arnhem Land. Southwestern Journal of 
Anthropology 25:45-67
White, J.P. and F.J. O'Connell 1983 A prehistory of Australia, New 
Guinea and Sahul. Academic Press, Sydney
White, N.G. 1978 A human ecology research project in the Arnhem Land 
region: An outline. Australian Institute of Aboriginal Studies
Newsletter (ns) 9:39-52
Williams, A.R. 1979 Vegetation and stream pattern as indicators of water 
movement on the Magela Plain, Northern Territory. Australian Journal 
of Ecology 4:239-48
Williams, E. 1985 Wet underfoot? Earth mound sites and the recent 
prehistory of southwestern Victoria. Unpublished PhD thesis. 
Australian National University, Canberra
Williams, E. 1988 Complex hunter-gatherers. A late Holocene example
from temperate Australia. British Archaeological Research
International Series 423, Oxford
Williams, M.A.J., A.D.L. Hooper and R. Story 1969 Land systems of the 
Adelaide-Alligator area. In R. Story, M.A.J. Williams, A.D.L. 
Hooper, R.E. O'Ferrall and J.R. McAlpine Lands of the Adelaide- 
Alligator area, Northern Territory. Land Research Series, No.25, 
pp.24-48. Commonwealth Scientific and Industrial Research
Organisation (CSIRO). Canberra
Williams, N.M. and E.S. Hunn (eds) 1982 Resource Managers: North America 
and Australian hunter-gatherers. Australian Institute of Aboriginal 
Studies, Canberra
Woodroffe, C.D., J.M.A. Chappell, B.G. Thom and E. Wallensky 1985a 
Geomorphology of the South Alligator tidal river and plains, Northern 
Territory. In K.N. Bardsley, J.D.S. Davie and W.D. Woodroffe (eds) 
Coasts and tidal wetlands of the Australian monsoon region. Mangrove
343
Monograph No.1, pp.3-15. Australian National University, North
Australia Research Unit, Darwin
Woodroffe, C.D., J.M.A. Chappell, B.G. Thom and E. Wallensky 1985b
Stratigraphy of the South Alligator tidal river and plains, Northern 
Territory. In K.N. Bardsley, J.D.S. Davie and C.D. Woodroffe (eds) 
Coasts and tidal wetlands of the Australian monsoon region. Mangrove 
Monograph No.1, pp.17-30. Australian National University, North 
Australia Research Unit, Darwin
Woodroofe, C.D., B.G. J.M.A. Chappell and B.G. Thom 1985c Development of 
widespread mangrove swamps in mid-Holocene times in northern 
Australia. Nature 317:711-713
Woodroffe, C.D., J.M.A. Chappell, B.G. Thom and E. Wallensky 1986 
Geomorphoiogical dynamics and evolution of the South Alligator tidal 
river and plains, Northern Territory. Mangrove Monograph No. 3. 
Australian National Univeristy, North Australia Research Unit, Darwin
Woodroffe, C.D., B.G. Thom, J. Chappell, E. Wallensky, J. Grindrod and J. 
Head 1987 Relative sea level in the South Alligator River region, 
north Australia, during the Holocene. Search 18(4):198-200
Woodroffe, C.D., J.M.A. Chappell and B.G. Thom 1988 Shell middens in the 
context of estuarine development, South Alligator River, Northern 
Territory. Archaeology in Oceania 23(3):95-103
Woodroffe, C.D. 1988 Changing mangrove and wetland habitats over the 
last 8000 years, northern Australia and southeast Asia. In D. Wade- 
Marshall and P. Loveday (eds) Floodplains Research. Northern 
Australia: Progress and prospects, Vol.2, pp.1-33. Australian
National University, North Australia Research Unit, Darwin
Worsnop, T. 1897 Prehistoric arts, manufactures, works, weapons, etc. of 
the Aborigines of Australia. Government Printer, Adelaide
